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IT\'S RUMORED THAT: Cleveland almost be- 
came the automobile capital of America! 


TRUE! 82 different makes of aut@mobiles were once 
manufactured in Cleveland. Last car to be made there 
was the Peerless—in) 1931. 


*Contributed by M/Sgt. R. O. MacQueen, Fort Monroe, Virginia 
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iT’S RUMORED THAT: Chromium plating in- 
creases piston ring life from two to four times! 


RIGHT! PC Chrome Rings are the finest compression- 
type piston rings made! The wear rate of these rings is 
as much as 80% less than that of unplated rings. They 
resist scuffing . . . reduce cylinder wear, too! And, with 
a PC Chrome Ring as a top compression ring, the effec- 
tive life of all rings in the set increases! Write us for the 
full story about PC Chrome Rings today! 





*Perfect Circle pays $50.00 for any Rumor accepted for this page. 
None can be returned or acknowledged, and all become PC’s property. 
Send yours to Perfect Circle Corporation, 
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Hagerstown 9, Indiana. 













IT’S RUMORED THAT: Glass that folds is now 
being made! 
TRUE! A folding glass—for use in convertibles—is be- 


ing made at Pittsburgh Plate Glass Co. It folds like an 
accordion when you put the top down. 
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IT’S RUMORED THAT: The Navy will soon be 
cooking meals by radar! 


CORRECT .. . but not right away! Experts say special! 
radar ovens can cook better meals—everything done to 
a turn—for as many as 500 men in no more than an hour! 
That’s ‘cookin’ by radar!” 
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B-K* Power 
Braking System 
for Cargo 
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Bendix 
Hydraulic Power 
Steering 


Bendix-Weiss 
Constant Velocity 
Universal Joint 


Centermount 
Emergency 
and Parking Brake 
for Buses 
and Trucks 


HYDROVAC IS 


Everything truck operators look for in power braking, 
they find in greater degree and for less cost in the 
Bendix Hydrovac*. It gives them easier, smoother, 
quicker stops with less physical effort. A record number 
of Hydrovac installations—over 2,000,000 at present— 
bears out this claim. Ask the man who uses Hydrovac 
about its performance . . . ask the man who services it 
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Bendix* 
Automatic Clutch 
and Gear Shift 
Control Systems 


Bendix* Brakes 
for Buses, 
Trucks, and 

Passenger Cars 


Vacuum-Power 
Gear Shifter 


FIRST CHOICE! 


about the upkeep . . . and you'll see why Hydrovac is 
first choice! This preference indicates the value of in- 
cluding Bendix Hydrovac power braking in your orig- 
inal equipment specifications. 


BENDIX PRODUCTS DIVISION of 
SOUTH BEND 20, INDIANA pro, we 


Export Sales: Bendix International Division, 72 Fifth Avenue, New York II, N. Y. 


*REG. U.S. PAT. OFF 








Fig. |—Car ignition systems radiate interference which distorts television pictures. By properly designing or suppressing the ignition system, the 
SAE Vehicle Radio Interference Subcommittee found, it is possible to reduce this effect to tolerable limits 


Television Brings Change 


In Car Igni 


BASED ON 


sep on paper By P. J. Kent, Chief Engineer, 


Electrical Division 
Chrysler Corp 


CCELERATED growth of television and FM com- 

munication services emphasizes the importance 
of methods recently devised to prevent motor ve- 
hicle ignition systems from transmitting radiation 
interference, like that in Fig. 1, to television screens. 
Developed by the SAE Vehicle Radio Interference 
Subcommittee, these radiation suppression meth- 
ods offer subsidiary benefits such as longer spark- 
plug life and perhaps greater fuel economy. 

High frequency communication and television 
services—subject to interference, at a distance, from 
vehicle electrical system radiation—is expanding 
rapidly. While presently concentrated in metro- 
politan areas, these services will quickly move into 
smaller towns and suburban areas. 

The new postwar radio spectrum—from 25,000 to 
30,000 megacycles—brought changes and expansions 


er “The Automotive Industry's Participation in Reduction of Radio 
1 Television Interference,” was presented at SAE Summer Meeting, 
nch Lick, Ind., June 7, 1948. (Complete copies of this paper are 
ble in full in multilithographed form from SAE Special Publications 
artment. Price: 25¢ to members, 50¢ to nonmembers.) 
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in radio services and also added new types. Manu- 
facture of both television and FM-AM receiving 
sets mushroomed within the last year. Television 
set production during the first quarter of 1948 was 
118,027, nearly three times that for the same period 
of 1947. And the 437,829 FM-AM sets produced the 
first quarter of 1948 represents a similar gain over 
1947 output of these units. 

Fig. 2, showing presently installed and planned 
coaxial cable and radio relay systems to be put in 
operation by the Bell System, further testifies to 
fast-stepping activity in this field. 

Radio manufacturers, anticipating this expan- 
sion, became aware of how serious automotive radi- 
ation might become in the derivation of satisfaction 
from FM and television sets. A joint SAE-Radio 
Manufacturers Association committee was set up in 
1944 to study the problem. Purpose of the group 
was to find a tolerable level of interference and to 
devise means for eliminating vehicle interference 
or at least reducing it to this tolerable level. 

Tests at Rye, New York, in 1944 tentatively estab- 
lished the tolerable radiation as 35 microvolts per 
meter radiation field strength at a distance of 50 ft 
from the extreme side of the vehicle. These tests 
also showed that television probably is more sus- 
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How Car Electrical Systems Radiate Video Interference 


While we think of the electrical system of the 
motor vehicle as dealing with low voltage direct 
currents, nevertheless there are several points in 
the electrical system where high frequency oscillat- 
ing currents exist. At any point where an arc is 
created, there will always be a transient oscillating 
current flowing in certain localized sections of the 
vehicle wiring. Such arcs will occur under certain 
conditions at the brushes of the generator, the 
starting motor, or any other motors such as those 
which operate the heater fan. Such arcs may oc- 
cur at the breaker points of any of the numerous 
relay devices, such as the voltage regulator. 

In the ignition system, even though an actual arc 
does not occur at the breaker points, there will be 
a high frequency oscillation in the primary circuit 
when the points open. Most important of all, how- 
ever, is the extremely high frequency oscillation 
which occurs in the secondary circuit when the 
spark occurs at the spark plug gap. 

Except in the case of the ignition high tension 
circuit, the transient oscillating currents are of rel- 
atively low frequency and value, consequently, of 
less importance in setting up electromagnetic wave 
propagation in the radiation field. But they are 
of considerable importance in creating disturbances 
within the limits of the induction field. These dis- 
turbances are of primary importance in creating 
interference within a radio set which is installed in 
the same vehicle with the electrical system. They 
also have an effect at very short distances from the 
vehicle and are of minor importance when consid- 
ering the interference to radio sets in other vehicles 
which may operate in close proximity to the vehicle 
causing the disturbance. 

When the breaker points in the primary circuit 
of the ignition system open, there is a rapid change 


of current in the primary circuit, this causes a rapid 
change in the magnetic flux which links between 
the primary circuit and the secondary circuit of 
the ignition coil. As the magnetic flux collapses 
through the secondary winding, it induces a very 
high voltage in the secondary circuit, that ionizes 


the gases between the electrodes of the spark plug, .; 


causing a spark to occur. 

The secondary discharge has a capacity compon- 
ent of extremely short duration, probably not ex- 
ceeding one-millionth of a second. It has been 
calculated that the peak value of the current dur- 
ing the interval of the capacity discharge may 
equal as much as 150 amp. The discharge of the 
capacity component also oscillates at very high fre- 
quency. Following the short-duration capacity 
component is the induction component of longer 
duration and much lower current value. The cur- 
rent decreases exponentially in this period and sine 
wave oscillations are superimposed on it. Fre- 
quency of these oscillations depends upon the char- 
acteristic frequency of the primary circuit. 

It is the extremely high-frequency, high-current 
discharge in the capacity component of the spark 
which causes electromagnetic waves to radiate out- 
ward from the high-tension ignition system. Quan- 
titative and qualitative tests of this radiation would 
indicate that it does not occur at any fixed fre- 
quency, but at a great many different frequencies, 
and the magnitude of the radiation will vary greatly 
at different frequencies. 

Largely because the frequencies at which the 
electromagnetic waves (radiated by the ignition 
system) coincide with the frequency of the carrier 
waves utilized in radio and television broadcasting 
are we faced with the problem of radio and tele- 
vision interference. 





ceptible to electrical interference than any other 
radio communication system; thus adequate sup- 
pression to protect television automatically would 
take care of the other services. 

Fortified with this tolerable radiation limit, the 
SAE Vehicle Radio Interference Committee went to 
work to determine how best to achieve suppression. 

Three series of field tests conducted by the SAE 
group disclosed facts about ignition system design 
and suppression methods related to radiation sup- 
pression that eventually led to recommendations to 
the Automobile Manufacturers Association. 

For example, field test results showed that cars 
with compactly grouped ignition-system components 
produce less interference than those having com- 
ponents more widely distributed. Radiation from 
any given car varied over wide limits at different 
frequencies tested. 

These investigators also found that radio resistors 
at the spark plugs and distributor center tower were 


more effective below 40 megacycles than above; but 
even in the higher frequency range, these resistors 
reduced radiation to much less than the unsup- 
pressed value. A very effective method of sup- 
pressing radiation was found to be the complete 
enclosure of the ignition system in a grounded 
metallic shield with suppressors at the spark plug 
and distributor center tower; however, this was con- 
sidered probably more than necessary for satis- 
factory radio and television reception. 

Most cars satisfactorily met the tentative tolerable 
value (35 microvolts per meter at 50 ft) with 10,000- 
ohm suppressors at each spark plug and in the 
distributor center lead, with the ignition coil so 
located so as to keep the coil-to-distributor high 
tension lead not over 8in. long. Test results pointed 
up the advisibility of keeping all rods, metal tubing, 
conducting tubing (such as coolant lines), and 
wiring other than ignition away from the ignition 
system. 
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No excessive interference was noted from electri- 
cal equipment other than ignition at the 50-ft dis- 
tance, although it was felt that on some vehicles 
such interference might exist. 

With these and other radiation revelations pro- 
viding the groundwork, the SAE Subcommittee re- 
ported to the Automobile Manufacturers Association 
that most vehicles could be suppressed to come 
within tolerable limits of radiation by the following 
provisions: 

1. Use of 10,000-ohm suppressors at each spark 

lug. 

: 2. Use of a 10,000-ohm suppressor in the distribu- 
tor-to-coil high tension lead. 

3. Locating the high tension coil so that the high 
tension lead from coil to distributor is not over 8 in. 
long. 

4. Keeping the primary electrical wiring, metal 
rods, and conducting tubing as far as possible from 
the high tension wires. 

Next job tackled by the SAE group was study of 
the effects of radio interference suppression on en- 
gine performance. 

While investigating detrimental effects of sup- 
pression on the engine, it was found that suppres- 
sors did not effect gasoline economy of either a 
6-cyl, 218-cu in. engine or an 8-cyl, 324-cu in. engine 
tested. Tests also were run under cold-temperature 
starting conditions, with reduced voltage applied to 
the primary of the ignition circuit—with and with- 
out spark-plug suppressors—and with different types 
of ignition coils. No difference in cold starting re- 
sults was found that was in any way related to the 
amount of energy in the spark. So long as the sec- 
ondary voltage was sufficient to fire the gap at the 
spark plug, nothing else in the characteristic of the 
spark seemed to have any bearing on its ability to 
start the engine. 

An unexpected advantage found with suppressor- 
equipped spark plugs 
(using either external or 
built-in suppressors) is 













This opens up the possibility of using higher initial 
gaps while still getting as good, or better, life from 
the plugs wp to the time when gaps have to be 
adjusted. 

Many investigators find they can get a smoother 
idle and better low-speed, light-load operation by 
increasing the spark-plug gap. Another interesting 
possibility is to change the characteristics of the 
ignition coil so that it will produce a higher sec- 
ondary voltage without increasing the energy in the 
spark. Still another gain possible, by making these 
changes in the electrical system, is the successful 
use of leaner mixtures, improving gasoline economy 
under low-speed, road-load conditions. 


Present Status of Suppression 


Most motor vehicle manufacturers have altered 
their vehicles as of Jan. 1, 1948, as regards built-in 
changes to the electrical system. Some of these will 
meet the tentative tolerable value of radiation with- 
out further changes. Many other vehicles will have 
to be provided with additional suppression—with 
suppressors at the distributor center lead, at the 
spark plugs, or both. 

Of course the big problem is suppression of all 
vehicles now in service. Those cars equipped with 
radios and suppressed for operation of these sets are 
largely freed of the reduced radiation problem at a 
distance. It is hoped that owners of older cars, not 
equipped with radios, may become owners of home 
FM or television sets and thus have some incentive 
to suppress their vehicles. 

But if new vehicles are suppressed, seriousness of 
the problem will rapidly diminish. Prewar cars, 
kept in service because of wartime curtailment of 
automobile production, will be replaced by new ones 
so that in the not-too-distant future, a very high 


percentage of vehicles on the road will be sup- 
pressed. 
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Fig. 2—Delivery temperature as a function of supercharger rpm for various boost pressures 
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Fig. 1—Air delivery at 
delivery conditions as a 
function of supercharger 
rpm for various boost 
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Positive-Displacement 
To the Engine 


This paper will be printed in full in SAE Quarterly 
Transactions) 


OR a supercharger to fit an engine, the super- 

charger must satisfy the engine’s demand for air 
at design boost and engine rpm. Whether or not 
the supercharger fits the engine and what the super- 
charged performance will be at full throttle at any 
speed can be determined by analysis, without trying 
out the supercharger in an expensive engine test 
setup. 

If the supercharger delivered the same volume of 


ner “The Supercharger and the Engine” was presented at SAE 
tral Illinois Section on March 10, 1948, Canadian Section on March 
448, Mohawk-Hudson Section on April 20, 1948, and Cincinnati 
on on May 18, 1948. (Complete paper on which this article is based 
ble from SAE Special Publications Department. Price: 25¢ to 

rs, 50¢ to nonmembers. ) 


air per revolution and the engine demanded the 
same volume per revolution at any number of revo- 
lutions per minute, deciding the question of fit and 
estimating performance would be simple. But the 
engine and supercharger are two displacement de- 
vices whose volumetric efficiencies vary quite differ- 
ently with speed and boost pressure. Volumetric 
efficiency of the supercharger increases with speed. 
That of the engine decreases with speed. 

Understanding these volumetric characteristics 
of the two devices makes it possible to determine 
whether their volumes match at the design point 
and what performance can be expected from the 
combination at other points. 

For either device, there are two factors in the re- 





Because ground-vehicle engines operate 
over a wide range of speeds, they demand 
varying volumes of air—at approximately 
constant boost. 

Positive-displacement superchargers can 
Satisfy this demand. 

Centrifugal and axial-flow superchargers 
cannot. For them, both volume delivered 
and pressure are tied up with speed, for best 
efficiency. 

Of the four types of positive-displacement 
Superchargers available—Roots, vane, heli- 
cal-screw, and internal gear—the Roots type 
is hard to beat for boosts under 7 psi. Volu- 
metric efficiency is good and mechanical 
losses low for low pressures. But it com- 
presses by blowback, and compression effi- 
ciency falls off badly as pressure ratio goes 
up, a fault that further development is un- 
likely to correct in this already well de- 
veloped type. 

For ratios above 1.5, the adiabatic compres- 
Sion that vane, helical-screw, and internal- 
gear superchargers can provide is essential. 





— 


Why POSITIVE-DISPLACEMENT Superchargers 


for Ground Vehicles 


These types have better overall and volumet- 
ric efficiencies. Since delivery air is cooler, 
a greater weight of air must be supplied for 
a given engine volume demand. A larger 
Supercharger is needed, but engine power 
output is greater. A moderate difference in 
volumetric and overall efficiencies of adia- 
batic-compression superchargers over Roots 
superchargers produces a noticeable differ- 
ence in engine horsepower at high speeds. 
The engine considered in the accompanying 
article gives 165 bhp with a Roots super- 
charger whose volumetric efficiency is 80% 
and overall efficiency is 56% at 10 psi, and 177 
bhp with a helical-screw supercharger whose 
volumetric efficiency is 82% and overall effi- 
ciency is 69%. 

Development of these newer adiabatic posi- 
tive-displacement superchargers should bring 
still higher efficiencies. 

More information on choice and design of 
superchargers has been given in Mr. Pigott’s 
articles in the November 1945 and January 
1947 issues of SAE Journal. 
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ciency below 100% is due chiefly to the 
intake breathing losses in the carburetor, 
manifold, and intake valves and to hot 
gases in the clearance volume. With in- 
crease in engine rpm, velocity of the gas 





in the manifold increases, intake breath- 
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ing losses increase, and volumetric effi- 
ciency drops. 

To maximize power at any speed, super- 
charging seeks to maximize mean effective 
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duction of volumetric efficiency below 100%: leakage 
and intake losses. Leakage varies with pressure dif- 
ference. Intake losses are proportional to density 
and to the square of manifold speed. 

For the positive-displacement supercharger, leak- 
age, or slip, is the larger loss. All of the positive- 
displacement superchargers are “capillary” sealed. 
That is, they depend on close mechanical clearances, 
rather than rings or packing, to prevent leakage. 
Since the total clearance remains about the same no 
matter what the speed is, slip per unit of time does 
not vary much with speed. The greater the number 
of revolutions per unit of time, the less the leakage 
per revolution and the better the volumetric effi- 
ciency. 

Slip is proportional to density and is a varying 
function of pressure difference. In the region of 2 
to 7 psi boost, slip is roughly proportional to the 
square root of the pressure difference; at higher 
boosts, it approaches the first power of pressure dif- 
ference. Generally, slip is in the neighborhood of 
15 to 20% at full speed and 5 psi boost pressure. 


The supercharger inlet losses vary with ey 
but they are relatively small. Asa result, volumetric 
efficiency is dependent chiefly on slip, and it im- 
proves with rpm. 

The relative importance of the two losses is re- 
versed in the engine. Leakage past pistons is very 
low, not over 0.5% at full speed when rings are in 
good condition. The reduction of volumetric effi- 


10 pressure. Boost pressure must increase 
as engine volumetric efficiency decreases 
to maintain pressure inside the cylinder 
constant at maximum value despite en- 
gine rpm increase. 

To illustrate the analytical method of fitting a 
positive-displacement supercharger to an engine, a 
Roots-type and a helical-screw type supercharger 
have been chosen. The same method can be applied 
to other types of positive-displacement super- 
chargers. For this example, maximum boost has 
been selected as 10 psi. 

The supercharger manufacturer will usually be 
able to furnish volumetric efficiency and delivery 
temperature variation with speed and pressure 
difference, or equivalent data. From the manufac- 
turer’s data, charts like Fig. 1 can be plotted with 
boost pressure as the parameter. Fig. 1 gives air 
delivery by volume at delivery conditions for 4 
Roots-type supercharger. Fig. 2 is a plot of the 
delivery temperature data for the same super- 
charger. (Supercharger inlet conditions of 14.7 psi 
and 100 F have been assumed.) 

Engine air demand can be calculated for the en- 
gine intake conditions of pressure and temperature. 
Assuming a 346-cu. in.-displacement engine rated 
at 3000 rpm, displacement in cubic feet per minute 
will be the product of (346 cu in.) X (1/1728 cu 
ft per cu in.) X (3000 rpm) X (1 charge per 2 revo- 
lutions), or 300.4 cfm. Pressure drop through the 
manifold and inlet valve is 3.4 psi at 100 F and 
14.7 psi. This yields a volumetric efficiency at 14.7 
psi of 76.9%. Engine air demand is the product of 
displacement and volumetric efficiency. At tne 
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Fig. 4—Indicated and brake horsepower 
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selected maximum boost of 10 psi, engine Bee od ee ee 
air demand figures out to be 242 cfm. / | 
If the supercharger can supply full- roe a 
speed engine air demand at the selected 
maximum boost, it is adequate for the b 
engine. Fig. 1 shows that in this case 
supercharger delivery does match engine + 
demand at 10 psi boost and 3000 rpm; de- | 
livery is 242 cfm. The required super- Oo 
charger displacement is 400 cfm at 3000 ° 1000 2000 


rpm. 

If supercharger delivery and engine de- 
mand had not matched exactly at 3000 
rpm, but came close, the supercharger could be 
geared up or down a little from engine speed as re- 
quired to match volumes. (The slight change in 
delivery temperature will have insignificant effect 
on engine demand.) Or maybe a compromise on 
maximum boost pressure could be accepted. 

If supercharger delivery volume at selected maxi- 
mum boost and rpm is way off engine demand, the 
supercharger is not suitable for the engine. 

Since the analysis shows the supercharger in the 
example to be adequate at the design point, engine 
air demand has been calculated and plotted in Fig. 
3 for selected speeds as a function of boost. This 
is the first step in estimating performance at off- 
design speeds, full throttle. 

The pressure drop through the manifold is pro- 
portional to density and to the square of manifold 
velocity. Pressure drop increases as boost pressure 
increases, but pressure drop increases more slowly, 
so that the net effect of increase in boost is an in- 
crease in volumetric efficiency of the engine. That 
is why the engine demand curves rise with boost. 

From the information at hand, it is possible to 
find the supercharger pressure at various speeds at 
full throttle. On Fig. 3, the plot of engine air de- 
mand versus boost for constant engine speeds, 
Supercharger delivery versus boost can be cross- 
plotted from Fig. 2 for constant speeds. The point 
at Which the set of curves crosses for a given speed 
defines the equilibrium volume for that speed. Con- 


necting the points gives supercharger delivery pres- 
sures for all speeds. 
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Knowing these pressures, it is possible to predict 
horsepower of the supercharged engine. Those who 
have run engine tests supercharged and unsuper- 
charged know that indicated specific fuel consump- 
tion changes unappreciably with absolute inlet 
pressure and temperature and improves only 3 or 4% 
with speed. The engine used for the example has 
an indicated specific fuel consumption of 0.50 lb 
per ihp-hr at 1000 rpm, which decreases to 0.47 at 
3000 rpm. 

To compute expected indicated horsepower, one 
can figure pounds of fuel per hour from the known 
air input and the fuel-air ratio, and divide the fuel 
flow by the indicated specific fuel consumption of 
the unsupercharged engine. 

For the engine in the example, motoring horse- 
power decreases with increased boost from 45 hp at 
3000 rpm and atmospheric intake to 33 hp at 10 psi 
boost, probably due chiefly to the lower viscosity of 
the oil at the higher operating temperatures. Sub- 
tracting motoring horsepower plus supercharger in- 
put horsepower, from indicated horsepower, gives 
brake horsepower. This engine, which gave 124 bhp 
unsupercharged, gives 169 bhp with the Roots super- 
charger. 

Carrying out the same calculations for the helical- 
screw type, having a better overall efficiency, shows 
the resulting combination to be noticeably better. 
An improvement of some 13% in the overall ef- 
ficiency of the supercharger produces substantially 
the same per cent improvement in the increased 


bhp over the unsupercharged engine, as shown in 
Fig. 4. 














Chance Laws Aid } 


D ON PAPER* BY Dorian Shainin Hamilton Standard Propellers Division, 


United Aircraft Corp. 


TATISTICAL methods, already being used in many 
shops to control the quality of manufactured 
products, reduce scrap and rework, and increase 
production rates, can also be used to assign toler- 


* Paper ‘‘Cost-Cutting Chance Laws Can Control Design Tolerances” 
was presented at the SAE Annual Meeting, Detroit, Jan. 13, 1949. (Com- 
plete paper on which this article is based is available from SAE Special 


ances to the dimensions of a product while it is still 
in the design stage. 


Shewhart Control Chart 


A most useful branch of statistical quality control 
is the Shewhart chart, which is a graphical record 
of quality plotted by the shop for each piece of 
equipment. The measurements from only 30 suc- 
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of these charts to give a reasonable estimate of its 
natural tolerance. 

The natural tolerance of a machine is the effective 
total range in tolerance of the parts produced on it 
when all erratic or assignable causes of variation 
have been eliminated. It exists because, even when 
all possible causes of variation have been traced and 
eliminated, there still remains a residual variation 
that cannot be economically removed. This residual 
spread is considered to be due to the chance combi- 
nation of the innumerable constant causes of vari- 
ation that are still at work. (Of course, such causes 
that either cannot be found or be economically re- 
moved today may someday be so treated, through 
technical progress.) 

Thus, when the experienced operator knows the 
natural tolerance of his machine, he is able to use 
its Shewhart chart to detect the presence of any 
variation not inherent in the process before it does 
any damage—whether it is caused by man, machine, 
or material. 


Application to Design Tolerances 


When a shop uses Shewhart charts to keep vigil 
over its operations, the designer can use the nomo- 
gram shown in Fig. 1 to determine the combination 
tolerance that would result when two parts, each 
held to a known tolerance, are assembled. 

It will be noted that the combination tolerance is 
considerably less than the algebraic sum of the in- 
dividual tolerances, so that the designer is able to 
assign workable tolerances to components, even 
when the algebraic sum of their tolerances would 
far exceed the limits for a workable assembly. 

This chart is based on the principle that when two 
parts, each selected from a pile of parts produced 
with the aid of a control chart, are assembled, the 
particular two parts selected for each assembly will 
be purely a matter of chance. Thus, the likelihood 
that any two parts being selected for a particular as- 
sembly would both be at the extreme limits of their 
respective tolerances is very small. Actually the 
nomogram in Fig. 1 has been constructed so that the 
chances that the two parts cannot be assembled be- 
‘ause their combined tolerance is over the workable 
limit are only 1.3 in 1000. 


At this point it might be asked, “What about the 
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1.3 times when the parts won’t form a workable as- 
sembly?” The answer is that, although conventional 
methods of determining tolerances theoretically 
take care of 100% of the parts, an actual check of 
inspection methods in shops not using statistical 
control generally shows that such methods are far 
from infallible. In fact, in many cases they have 
been found to be as much as 50 times worse than 
when statistical control is used. 

Fig. 1 can also be used to determine the combina- 
tion tolerance of an assembly of more than two com- 
ponents by pairing the first combination tolerance 
with the tolerance of the next part, and so on, each 
resultant sum being read on the center scale. 

Fig. 2 has been developed for the special case 
where more than two components are involved and 
the individual tolerances are equal—or close enough 
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Fig. 2—Chart for statistically combining two or more equal component 
tolerances. 














to make that assumption justified for purposes of a 
first approximation. Then, starting with the known 
component tolerance, the assembly tolerance can be 
determined with one reading instead of reentering 
the nomogram. Also, starting with a Known as- 
sembly tolerance, the component tolerance can be 
found immediately, while the nomogram would re- 
quire a trial-and-error procedure. 

If designers take full advantage of these charts, 
they will no longer have to distribute the tolerance 
load among parts according to empirical rules con- 
cerned with the size of the dimension, internal or 
external dimensions, whether the construction of 
the work requires a type of milling, single-point 
boring, grinding, or the like. In a statistically con- 
trolled shop factual data are available that will 
permit engineering, production engineering or tool- 
ing, and the shop to work as a unit on these matters. 








CRC Releases 
Five Reports 


HE following Coordinating Research Council re- 

ports have been released for distribution and are 
available from SAE Special Publications Depart- 
ment, 29 West 39th Street, New York 18, N. Y. 
(This is a complete list of CRC reports released 
since publication of the listing of CRC reports on 
pp. 81-85 of the November, 1948, SAE Journal.) 


MOTOR FUELS 
Gasoline Additives 


CRC-226—Report on 1945 Desert Storage Tests on 
Stability of 80-Octane-Number, All-Purpose 
Gasoline (9/18/46) Price: $2.00 to SAE Mem- 
bers; $4.00 to Nonmembers. 


Engine Varnish and Sludge 


CRC-227—Evaluation of Effects of Engine Design, 
Operating Variables, Fuel and Lubricating Oil 
Characteristics on Engine Sludge and Varnish 
(5/12/48) Price: $1.50 to SAE Members; $3.00 
to Nonmembers. 


AVIATION FUELS 
Detonation 


CRC-228—Knocking Characteristics of Aviation 
Fuels (3/10/48) Price: $2.00 to SAE Members, 
$4.00 to Nonmembers. 


Volatility 


CRC-229—Analysis of Results of AAF-CRC Fuel 
Volatility Test Program, Winter 1945-46 
(5/24/48) Price: $2.00 to SAE Members; $4.00 
to Nonmembers. 

CRC-230—Analysis of Results of AAF-CRC Fuel 
Volatility Test Program, Winter 1946-47 
(4/5/48) Price: $2.00 to SAE Members; $4.00 
to Nonmembers. 














The shop, from its existing control charts, furnishes 
a table of natural tolerance against the part number 
and dimension being fabricated, classified by equip- 
ment identification tag number. 

Further, to aid him in distributing the tolerance 
load for a new design, the designer has such a tabu- 
lation and a schedule from production engineering 
showing the expected idle time on particular ma- 
chines. The nomogram of Fig. 1 should then make 
possible many an otherwise “impossible” job. If, 
even with the very substantial extra tolerance thus 
made available by this method of statistical addi- 
tion, the required end tolerance cannot be achieved, 
the new equipment needed is known immediately. 
What it must be able to hold to is also known. In 
some cases arrangements might be made for a test 
run to develop a Shewhart chart and thus prove the 
adequacy of the equipment even before it is 
purchased. 


Drawing Notation 


Since each tolerance determined by the statistical 
method is valid only when a control chart keeps 
the distribution free from other than just mo- 
mentary assignable causes of variation, it seems de- 
sirable, especially at a plant just becoming familiar 
with statistical methods, to have a special marking 
on drawings to indicate that all possible allowances 
have been made and that one should not deviate on 
parts beyond these limits relying upon the same 
probability concepts over again. 

It is suggested that an SAE committee might de- 
velop some drawing notation as a recommended 
standard practice. For instance, the special di- 
mensioning might be: “0.4662 (0.0018) ,” which would 
mean, “0.4662 plus and minus 0.0018 maximum vari- 
ation of individual sizes as controlled by a Shewhart 
chart.” The first figure gives the desired average 
value, and that in the parentheses the maximum al- 
lowable “three standard deviation” variation from 
that average, it being understood that the parenthe- 
ses denote use of the statistical method. 

This type of dimensioning will be an indication 
that the tolerance has been computed statistically 
and is therefore properly economical. Second, it 
will be clear to production that they have a tolerance 
commensurate with capabilities and that they 
should not feel the constant need of asking for any 
more tolerance. Third, production’s choice of 
equipment to be used can be properly guided either 
by using the machine that the designer had in 
mind, a similar one, or one with an even closer natu- 
ral tolerance than is indicated by the control chart 
records on file. Fourth, such control of rough and 
finished dimensions means that forgings and cast- 
ings certainly need carry less extra raw material to 
guarantee finishing, with obvious resultant econo- 
mies. Finally, the most important advantage is 
that the dimension will average close to the stand- 
ard average and the parts should all be within 
specification, since the machine is capable of hold- 
ing to these values when the Shewhart type of con- 
trol chart is used. Such charts keep the operator 
continuously aware from piece to piece as to whether 
the variations operating are inherent or foreign. 
All these economies—and the good production prac- 
tices resulting therefrom—should assure that one 
keeps the best possible position in a competitive field. 
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Charts Indicate 
Most Profitable Cruise Plan 





BASED ON PAPER* BY 


S. T. B. Cripps 


Assistant to Civil Air Attache 


British Embassy, W 


IRECT flying cost and revenue can be linked so 

that an airline flying crew can easily assess the 
profit or loss incurred by various flight procedures 
when they are making up the flight plan. 

Modern long-distance transports offer a number 
of possible methods of operation—maximum power, 
maximum speed, or maximum-range speed, for ex- 
ample. Charts can be developed to show the crew 
which flight procedure will be most profitable under 
the conditions of payload and wind velocity prevail- 
ing for a particular flight. 

By evaluating flight procedures in terms of dollars, 
the charts furnish a sound basis for cruise control. 
(As it is now, engineering departments are inclined 
to press for operation at best economy from the 
powerplant and maintenance point of view, flying 
crews like to get the flight carried out as quickly as 
possible, and other elements want to minimize fuel 
used.) 

A set of charts applies only to the aircraft for 
which it was calculated. For purposes of illustrating 
the method, charts have been developed for the 


"’ 


fashington, D. C 


Lockheed Constellation 749. Table 1 shows the as- 
sumed cost data. Three flight procedures will be 
evaluated: cruise at 190 knots, at 1.145 times the 
speed for velocity for maximum range, and at 1.1 
times the speed for maximum range. Operation at 
20,000- and 10,000-ft altitudes will be considered. 

The method is to work cost and payload data into 
a form which will show costs and available revenue 
versus wind components for each cruising procedure 
for a particular route distance and flight altitude. 

First step is to work up cost data for each cruise 
procedure under consideration from the manufac- 
turer’s basic data and the assumed direct flying 
costs. This has been done in Tables 2 and 3 for 
cruising at 1.1 times the speed for maximum range. 
Simliar tables should be made up for the other cruise 
procedures. 

Fig. 1 has been plotted frorn cost data on Table 3 
and tables for the other two cruising procedures. 
Cruise at 1390 hp has been plotted as well. The chart 
applies only to operation at 20,000 ft. 

Although the maximum fuel limitation is the same 
for all cruising procedures, cruising 12.5 hr on the 
1390-hp procedure costs $4150 while cruising 18.5 hr 








Operational Route Analysis and Direct Flying Cost’’ was pre- on the 1.1-times-maximum-range-velocity pfoce- 
ch ax ae Reset Nips eM a CAL coer! Publican, dure costs $5400, according to Fig. 1. Reason for the 
ent. Price: 25¢ to members. 50¢ to nonmembers spread in maximum-endurance cost figures is that 
Table 1—Assumed Costs 
Cost item No. 
1 Fuel cost .25 per gal per hr 
2 Oil cost .010 per lb per bhp per hr *« 0.85 
3 Aircraft depreciation $ 31.10 per hr 
4 Engine depreciation 13.25 
5 Engine overhaul repair 19.24 
6 Aircraft overhaul repair cost 21.70 
7 Aircraft and engine ground service 16.90 
8 Crew cost and expenses 89.55 
9 Aircraft insurance 18.08 
Fixed cost/hr., items 3-9 $209.82 per hr 
MARCH, 1949 
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Table 2—Performance Calculations for 1.1-Times-Maximum-Range Velocity at 20,000 ft 


Fuel 
a _— Time Average Con- Average 
ue ue Zone sump- Zone 
Used, Ib Used, Ib 2°®® DF qime, hr Ti™®- BF tion, Ib “Bhp 
per hr 
2,240 2,240 0.670 0.670 3,345 1,400 


4,760 7,000 2.100 1.720 2.770 2,265 1,212 
5,000 12,000 2.380 3.960 5.150 2,100 1,142 
5,000 17,000 2.555 6.427 7.705 1,958 1,074 
5,000 22,000 2.790 9.100 10.495 1,795 993 
5,000 27,000. 3.050 12.015 13.545 1,638 909 
5,000 32,000 3.320 15.205 16865 1,508 831 
2,350 34,350 1.665 17.695 18.530 1,412 771 


Total 

Total - Average ae st 
Average —o- Average Baw Gross <a tance, 
. TAS, ’ Weight, nauti- 

knots Ib cal 
knots Ib miles cal 
miles 
102,000 
0.5970 168.5 168.5 99,760 113 113 


0.4660 241.0 223.5 95,000 97,380 506 619 
0.4600 238.0 230.0 90,000 92,500 566 1,185 
0.4550 234.0 231.5 85,000 87,500 599 1,784 
0.4515 229.55 231.0 80,000 82,500 640 2,424 
0.4510 224.0 229.5 75,000 77,500 684 3,108 
0.4540 218.0 227.0 70,000 72,500 724 3,832 
0.4580 213.0 226.0 67,650 68,825 354 4,186 





depreciation has been figured on an hourly basis. 
If it were figured on a trip basis instead, the spread 
would be narrowed. 

The next step is to calculate and plot revenue for 
the range of payloads. This information is plotted 
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Fig. 1—Cumulative direct flying cost versus time in hours out at 
20,000 ft 


PERCENTAGE LOAD FACTOR 
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REVENUE ~ DOLLARS X 1000 


Fig. 2—Load factor and payload versus revenue for New York-London 
route 
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on Fig. 2 for the 3000-nautical-mile New York-Lon- 
don route, along with various load factors. The plot 
highlights the fact that a 58% load factor produces 
a revenue of $9150, 75% of the maximum available 
revenue. This is because Type 31 interior arrange- 
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Fig. 3—Allowable payload and time in hours out versus wind component 
for route distance of 3286 nautical miles flown at 20,000 ft 


DOLLARS X 1000 


“40 - -20 -10 
AVERAGE WIND NT -K Ss 


40 


Fig. 4—Cost and revenue versus average wind component for route 
distance of 3000 nautical miles at 20,000 ft 
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Table 3—Costs Calculated on Basis of Table 2 for Same Cruising Procedure 


Time Interval, hr 0.67 
Total Time, hr 0.67 
Fuel Cost, $ (Item 1) 93.30 
Oil Cost, $ (Item 2) 4.69 
Items 3-9, $ 140.50 
Cost for Time Interval, $ 238.49 
Total Cost, $ 238.49 


2.100 
2.770 
198.000 
12.700 
440.000 
650.700 
889.190 


2.380 2.555 2.790 3.050 3.320 1.665 
5.150 7.705 10.495 13.545 16.865 18.530 
208.000 208.000 208.000 208.000 208.000 98.000 
13.600 13.750 13.850 12.750 12.650 6.650 


500.000 536.000 585.000 640.000 696.000 349.000 
721.600 757.750 806.850 860.750 916.650 453.650 
1610.790 2368.540 3175.390 4036.140 4952.790  5406.440 





ment has been assumed, bringing in the higher fare 
of sleeper passengers. 

Figs. 1 and 2 can be combined with a third type of 
plot, similar to Fig. 3, to give revenue available and 
total operating expense versus average wind com- 
(Charts like Fig. 3 are derived from 
consideration of the airplane’s operating charac- 
Actually Fig. 3 was derived for a route 
distance of 2860 nautical miles flown at 20,000 ft.) 
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teristics. 
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Fig. 5—Cost and revenue versus average wind component for route 
distance of 3000 nautical miles at 10,000 ft 
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6—Profit available with 70% load factor versus average wind com- 
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The result is a chart like Fig. 4, which has been 
plotted for a 3000-mile route at 20,000 ft. 

Cost figures for Fig. 4 are obtained from the pay- 
load-wind chart and Fig. 1. To plot cost values for 
one operating procedure, it is necessary to select 
average wind component values and pick off cor- 
responding time values from the former chart, then 
with those time values, to go into Fig. 1 and pick off 
corresponding cost values. 

Revenue figures for Fig. 4 are obtained from the 
payload-wind chart and Fig. 2. To plot revenue 
values for one operating procedure, the payload- 
wind chart is entered at various values of wind com- 
ponent and corresponding values of payload are 
picked off. Then the revenue corresponding to each 
payload value is determined from Fig. 2 and plotted 
on Fig. 4 for the wind components. 

Also plotted on Fig. 4 are lines of total operating 
expense. These were obtained by assessing indirect 
costs as 1.3 times direct flying costs under zero head- 
wind for each cruising procedure. 

Fig. 4 applies only to operation at 20,000 ft for the 
3000-nautical-mile route. Fig. 5 is a similar plot 
for operation at 10,000 ft. 

Besides indicating total operating expenses and 
revenue obtainable for any condition of average 
wind component for any of the cruising procedures, 
Figs. 4 and 5 show the extreme adverse wind condi- 
tion at which the operator can break even with 
minimum payload and, with a given payload, the 
wind condition required to break even. 

More specifically, for conditions of say a 33-knot 
wind at 20,000 ft and a 20-knot wind at 10,000 ft, the 
charts show that with the maximum-payload reve- 
nue, the 1.145-times-maximum-range-velocity pro- 
cedure at 20,000 ft brings the biggest profit, about 
$3450. The 1.1 cruise procedure at 20,000 ft would 
bring about $3400 profit, and any of the procedures 
at 10,000 ft would bring less. Cruising at a constant 
speed of 190 knots, even at 20,000 ft, would decrease 
allowable payload to the point where it could bring 
only $11,200 revenue, thereby reducing profit to 
$11,200 minus $8700, or about $2500. 

To show even more clearly which flight procedure 
is best when less than the maximum allowable pay- 
load is to be carried, profit versus wind component 
can be plotted for various load factors. Fig. 6 shows 
such a plot for a load factor of 70%. The dashed 
line indicates points where the maximum allowable 
load for various cruise procedures is just equal to 
the 70% load-factor weight, which is 6250 lb. In the 
area left of the dashed curve, maximum allowable 
payload is less than 6250 lb. 

Fig. 6 indicates the wisdom of using the fastest 
cruising procedure possible, in this case. 











IMPROVED WING 


BASED ON PAPERS* BY 


Frank B. Sandgren, 


Bell Aircraft Corp. 


and K. E. Van Every, 


Douglas Aircraft Co., Inc. 


INCE the science of aerodynamics shows that 
speed of high-performance aircraft for transonic 
flight can be raised most readily through boosting 
critical Mach number by use of thinner airfoils and 
swept wings, ways are being found to make these 
new kinds of wing structure strong, light, and safe. 
As airplane speed exceeds the critical Mach num- 
ber for the airplane, drag shows an abrupt increase. 
The further critical Mach number and accompany- 
ing drag rise can be deferred, the faster an airplane 
with given available-thrust characteristics can fly. 
Reducing wing thickness and sweeping back wings 
are two basic ways to increase critical Mach number. 
Both have the effect of decreasing effective air ve- 
locities over the wing. Fig. 1 compares effectiveness 
of the two methods, as well as effectiveness of re- 
duced aspect ratio. Combination of airplane com- 
ponents to minimize interference losses and removal 
of boundary layer can also raise critical Mach num- 
ber, but these two methods are not so well under- 
stood. 
Thin, high-speed wings pose new problems in 
structural design. Besides torsional loads, wing 
skins must bear buckling stresses—yet not buckle. 
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Fig. |—Comparison of methods for increasing wing critical Mach number 





Wide panels are desirable from the standpoint of 
ease of fabrication. And the wider the panel, the 
thicker the skin must be to maintain a given allow- 
able buckling stress. The big problem is to get skin 
thick enough to withstand the loads but light in 
weight. 

Swept wings are tricky to analyze for stresses. 
Their analysis involves no new principles in struc- 
tures or elasticity, but allowance must be made in 
the calculations for the effects of the changes in 
wing direction, a slow process with conventional 


analysis methods. Rapid approximate methods are 
being sought. 


Mcr Sets Maximum Speed 


How maximum speed of high-speed, high-per- 
formance aircraft is increased by increasing critical 
Mach number can be seen from Fig. 2. For aircraft 
powered with engines of sufficient thrust to permit 
flight at transonic Mach numbers, speed is primarily 
limited by the steep drag rise which occurs after the 
critical Mach number has been exceeded. Drag rises 
so sharply after critical Mach number that it is im- 
possible to increase airplane speed further without 
tremendous increases in power. 

Fig. 2 shows power required and power available 
in thrust coefficient form. Thrust coefficient avail- 
able is the thrust output of the powerplant divided 
by the product of the dynamic pressure of the air 
and the wing area. Thrust coefficient required is 
approximately the parasite drag coefficient. The in- 
tersection of these curves determines the maximum 
speed of the airplane. If the critical Mach number 
is increased, as shown by the dotted line, a corre- 
sponding increase in maximum speed results. 

Reducing wing thickness shortens the path of the 
air around the airfoil, allowing it to travel from 


*Papers “Structural Aspects of High-Speed Airplanes” by Sandgren a4 
“Aerodynamics of High-Speed Airplanes” by Van Every were presente 
at the SAE National Aeronautic Meeting, Los Angeles, Oct. 7, 194 
Van Every paper will be printed in full in SAE Quarterly Transactions. 
(Complete papers on which this article is based are available from S/ 
Special Publications Department. Price: 25¢ each paper to member 
50¢ each paper to nonmembers.) 
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DESIGNS Raise Top Speed 


of Transonic Airplanes 


leading to trailing edge at a lower local Mach num- 
ber for a given airplane Mach number. This puts 
off drag upswing to higher airplane Mach numbers 
and increases maximum attainable airplane speed. 

Rate of increase of critical Mach number with rate 
of decrease in thickness is unfortunately low. Crit- 
ical Mach number increases 0.012 for an airfoil 
thickness-chord ratio decrease of 0.01. Large in- 
creases in the critical Mach number, therefore, re- 
quire large changes in wing thickness. 

To keep thin wings light, structures designers are 
advancing the trend toward thicker wing skins. 

When all-metal wings were first used, the primary 
function of the outer skin was to carry the torsional 
loads. As the speed of airplanes increased, greater 
torsional loads were applied—by the introduction of 
flaps, for example. Skin thickness was increased to 
around 0.40 or 0.50 in., but generally chordwise stiff- 
eners were used, and the skin was allowed to buckle 
at low airplane accelerations. The bending strength 
of the wing, principally in compression, was still 
concentrated in heavy, high-allowable-stress cap- 
Strips. 

When wings were reduced to 15% thickness at the 
root and torsional requirements called for skins of 
0.064 in. or greater, spanwise stiffeners were em- 
ployed to obtain some benefit from the skin in bend- 
ing by increasing its buckling allowable greatly, al- 
though ultimate allowable stress of the skin-stringer 
combination was less than that of the adjoining 
capstrips. 

In 1944, when speeds reached the neighborhood 
of 550 mph, it was no longer possible aerodynami- 
cally to permit the skin to buckle at less than limit- 
load airplane accelerations. This required much 
closer stiffener spacing or additional spanwise stiff- 
eners, so that the bending material was transferred 
still more to the skin and stringers. 

With wings of 6 to 9% thickness, skin became even 
thicker, and the depth of the stringers necessary to 
support this skin increased likewise. Finally stiff- 

ners on the upper and lower airfoil surfaces, which 
were drawing closer together, would almost touch 
each other. The logical step was to join these stiff- 
ners into a single channel web so that the skins 
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Stabilized each other. Wing construction became 
multicellular, with all the material used in carrying 
bending and torsional loads and a slight excess of 
material for carrying shear loads. 


Sandwich Construction Used 


This new type of construction calls for structural 
data on the buckling and ultimate allowables of 
heavy plates in compression and the required stiff- 
nesses of the channel beams to support this heavy 
skin, data now being acquired. 

Since these modern thin wings with multiple webs 
are extremely difficult to fabricate, especially to 
buck rivets, panels should be wide. To maintain the 
same buckling stress, effective thickness of the skin 
must be increased directly with panel width. 

This can be accomplished by making the skin a 
built-up section, such as a sandwich of dense faces 
and light core. Good skin sandwiches are light in 
weight yet afford the advantages of thick solid 
skins: smoothness and accuracy of wing contour to 
delay aerodynamic turbulence, and concentration of 
material at wing periphery where it is most effective 
for bending and torsional stiffnesses. 
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Fig. 2—Influence of critical Mach number on maximum airplane speed 
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Peripheral loading due to bending and torsion is 
a useful parameter for selecting a wing construction 
for a high-speed airplane. Aluminum-alloy and per- 
pendicular-balsa sandwiches have been used to 
carry loadings as high as 8000 psi. Neglecting wing 
thickness and fabrication procedures, medium-gage 
skin, reinforced with closely spaced spanwise stiff- 
eners, is optimum for loadings from 8000 to 14,000 
psi. Spanwise corrugations between flat skins have 
been used for loadings ranging from 15,000 to 30,000 
psi. The thick solid-skin construction used on the 
X-1 receives a loading of 25,000 psi. 

In the type of wing construction where all or part 
of the bending strength is in capstrips, the increase 
in bending moment toward the wing root may be 
efficiently and simply carried by an increase in cap- 
strip areas. But in thick skin construction, where 
almost all of the bending moment is carried in the 
skin, such taper in material cannot be accomplished 
so simply. Machine-tapered skins have been em- 
ployed in the X-1, but it is an expensive solution. 

Now that thick skin is being used as the primary 
carrier of bending stresses, advances in reduction of 
wing weight hinge upon acquisition of more struc- 
tural data on the buckling and ultimate allowable 
stresses of thick plates and the optimum structure 
to support these plates. A simple, economical means 
of tapering skin thickness is needed, too. 


Swept Wings Studied 


Comparing a yawed wing with a normal wing, 
both of infinite span, illustrates how sweeping wings 
backward or forward increases critical Mach num- 
ber. Fig. 3 diagrams the two wings in an assumed 
inviscid fluid. For the infinite normal wing, the 
normal velocity, V, determines the pressure distribu- 
tion and forces on the wing. For the yawed wing, 
the pressure distribution and forces are determined 
solely by the normal velocity component, V cos ¢. 

Mach number for either wing is the ratio of the 
velocity of the approaching stream to the velocity of 
sound, a. For the normal wing, there is a certain 
critical velocity which corresponds to the critical 
Mach number. For the yawed wing, critical Mach 





number is reached when the normal component, V 
cos ¢, equals the critical velocity. As Fig. 3 shows, 
critical Mach number for the yawed wing, being 
equal to the quotient of Mach number for the norma] 
wing divided by the cosine of the angle of sweep, 
will always be greater than for the normal wing at 
the same V. 

The same analysis can be applied as a first ap- 
proximation to a finite sweptback wing. Because 
of root and tip losses on a finite swept wing, the 
full theoretical gain in critical Mach number is 
not realized. With usual aspect ratios, the gain is 
approximately half of the theoretical value—or for 
convenience, the actual critical Mach number is 
equal approximately to the quotient of the theoreti- 
cal Mach number divided by the square root of the 
cosine of the angle of sweep. Thus for a sweep angle 
of 35 deg, critical Mach number increases 0.08. 

Stress analysis of the outer portions of swept 
wings, where the bending structure is normal to the 
torsional axis of the wing, can be handled like anal- 
ysis of straight wings. But the analysis and design 
of the root region of the wing requires the solution 
of several new problems by more advanced methods 
of stress analysis. 

Where the swept outer portion of a wing is joined 
to a normal portion, torsion about the torsional axis 
and bending moments perpendicular to this axis 
must be rotated into a new set of reference axes per- 
pendicular and parallel to the centerline of sym- 
metry of the airplane. This rotation generally 
occurs at either the side of the fuselage or the cen- 
terline of the airplane. 


Shortcuts Sought 


On airplanes where the sweep of the wing is de- 
creased toward the tip in a series of steps (in order 
to maintain the same critical Mach number along 
the entire span through a combination of swept 
angle and thickness ratio), each change of direction 
involves a rotation of axes. 

Where wing direction changes, distributions of 
stresses in the triangular shear panel, beam shear 
webs, root ribs, and crossover wing bending material 
are extremely redundant, which means that defor- 
mations and continuity of the structure must be 
considered in the analysis. 

Although the analysis can be carried out using 
only long known principles of structures and elas- 
ticity, the amount of analysis involved and the 
chances for error cause the typical analyst to lack 
faith in his results until he has checked his work 
against instrumented static tests. 

A change in design often multiplies the labor be- 
cause a considerable part of the analysis has to be 
repeated with different values. To speed design of 
swept wings, rapid approximate methods are being 
developed for determining weight effects of changes 
in thickness ratio, taper ratio, aspect ratio, wing 
attachment means, and arrangement of internal 
structure, where there is the additional variable of 
angle of sweep. 

So far, the number of studies and designs made is 
insufficient to permit generalization on the most 


efficient type of structure for the various specific 
cases that arise. 
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ENGINE OPERATIONS 


At Low Temperatures 


CT FROM PAPER* BY 


William Weitzen 


e Weather Unit 
\ir Materiel Command, USAF 


ODERN USAF cold weather tests have been con- 
ducted on an increasing scale since 1941 in Alaska. 
Current production type aircraft and engines are 
tested under actual low temperature conditions to 
increase the Air Forces’ background of operating 
knowledge and to assist in its developmental pro- 
grams. 
The existing Air Force low temperature limit of 
65F was established in 1942. 


This limit has been shown to be substantially 
sound although at present it is being questioned and 
Aeronautical Board Sub-Committee ANC-22 is now 
investigating this limit. 

The world’s sea level minimum isotherms are 
shown in Fig. 1. During the winter of 1946-47 the 
western hemisphere record low of — 83F was reported 
in the Yukon, while an eastern hemisphere low of 
- 94F was recorded in Siberia. 


Fig. 1—Minimum surface isotherms on world-wide scale 
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Fig. 2—Schematic layout of standard Air Force oil dilution system, including vacuum pump dilution installation 





Oil systems continue to be a major problem in 
Arctic operations. Oil is inherently unsatisfactory 
because of its relatively high pour point. Recipro- 
cating engine oils are particularly bad. Data on 
the pour point characteristics of presently used 
reciprocating and turbo jet engine oils follow: 


POUR POINTS FOR USAF ENGINE OILS 
RECIPROCATING ENGINES 
Pour Point Pour Point 


F F 
SPEC GRADE Max. (Un- Max. (Di- 


diluted) luted 35%) 


AN-0-8 1120 + 20 — 65 
1100 +10 — 65 

(Supersedes) 1080 0 

(AN-VV-0-446) 1065 0 

TURBO-JET ENGINES 

AN-0-9 1015 — 50 

(Supersedes) 

(AAF 3606) 1010 —70 


Oil dilution is one means to obtain satisfactory 
engine crankability and oil pumpability under most 
low temperature conditions. The basic Air Force oil 


* Paper “Engineering Developments Required for Satisfactory Low Tem- 
perature Aircraft Engine Operations’’ was presented at SAE Summer 
Meeting, French Lick, Ind., June 10, 1948. (Author’s complete extract, 
with illustrations, is available in multilithographed form from SAE Special 
Publications Department. Price: 25¢ to members, 50¢ to nonmembers.) 


dilution system has long been satisfactory for use in 
the states, see Fig. 2. 

This dilution system has been proven to be un- 
satisfactory under extremely low temperature opera- 
tions and investigations have been under way for 
several years to correct or modify oil systems so that 
satisfactory and consistent cold weather operation 
would be obtainable with service type aircraft. Fig. 
3 shows progressive steps in the development of oil 
tank hopper and sump details. The segregating type 
system, D, lower right, has been satisfactorily used 
during preliminary testing in Alaska and indica- 
tions are that this basic system will be successful. 


Studying Other Systems 


In addition to the basic oil system circuit, experi- 
mental work is underway with a hot tank oil system 
and a closed circuit oil system. Neither have ever 
been checked under low temperature conditions and 
due to their special design features, the Air Forces 
will undoubtedly encounter additional and severe 
problems that will adversely affect the mechanics 
of dilution. 

Oil dilution can and does provide engine crank- 
ability under conditions which would present ex- 
treme difficulties were it not used. Most important 
of all it provides for oil “pumpability and flowabil- 
ity” under starting conditions at oil locations where 
heat, if used, would not penetrate. 

Cold starting reciprocating engines have long been 
under investigation by the USAF and the engine 
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Fig. 3—Oil tank hopper and sump details: A, initial design; B, first improvement incorporating expansion space and flapper valves; C, poppet valve 
replacement of flapper valves; D, positive segregating hopper 





industry. Engine starting has been successful and 
repeatedly accomplished in the laboratory at tem- 
peratures of —65F using high vapor pressure for 
fuels, and also at the minimum field temperature 
encountered of about -55F using similar special 
fuels. 


Start Tests Continuing 


Some cold starts, too numerically few for definite 
conclusions, have been successfully accomplished in 
the fleld in the temperature range of -—40 to -— 50F 
using special high pressure priming systems and 
regular grade gasoline. Continued testing on this 
Subject is presently under way and it is hoped that 
definite conclusions on this rather debatable method 
of starting will be forthcoming shortly. 
Satisfactory and consistent dilution systems are 
ot available on current aircraft and heat is still a 
oasic low temperature operation requirement. When 
coordinated improvements are made in dilution sys- 

ms and cold starting systems, installations will be 
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provided on current aircraft for low temperature 
starting without heat. Ground heating equipment 
has improved greatly in the last few years and pre- 
flight heating procedures are considered normal. 
It must be remembered, however, that heating is 
time-consuming, requires considerable preparatory 
maintenance, additional equipment and fuel. 

As USAF objectives regarding this subject, the 
following might be listed in order of importance: 


@ Dependable and consistent aircraft operation, 


@ Operational improvements should be secured 
by a minimum weight penalty, added installations, 
or additional complications, 


® Minimize preflight and preparation time to con- 
serve manpower, and 


@ Minimize additional supplies and equipment re- 


quired to decrease the logistics problem. 
Turbo-jet engine starting is quite different from 
that of reciprocating engines. Much positive data, 











Fig. 4—Mt. Washington main test building after severe icing storm 


both quantitative and qualitative, have been se- 
cured in the last two years. Tests have been com- 
pleted on the J-31, J-33, and J-35 engines using both 
JP-1 fuel and regular grade gasoline down to tem- 
perature — 65F. 

Jet engine starting can be satisfactorily started 
down to the minimum temperature limits using 
standard available fuels. The numerous tests con- 
tinued at both Ladd Field and Eglin Field have 
shown that JP-1 fuel is not usable under normal 
operating conditions at temperatures much below 
OF, if normal engine life is to be obtained. 

In all these turbo-jet tests conducted to date, oil 
type AAF 3606 or AN-0-9, Grade 1010, has been used 
with satisfactory results. It has furthermore been 
shown that engine crankability is not a severe prob- 
lem and can be successfully surmounted provided 
suitable external power sources are available. 

Arctic experience has indicated that low tem- 
peratures adversely affect the operating character- 
istics of reciprocating engines. Rough operation 
and loss of power is commonly encountered par- 
ticularly at low power cruise conditions. 


Using Carburetor Heat 


One of the most effective solutions to the problem 
has been the diligent use of carburetor heat. Sub- 
stantial improvement in operation has resulted in 
many installations, but due to the lack of instru- 
mented aircraft and suitable weather simultane- 
ously, the Power Plant Laboratory has been unable 
to conclusively prove on a quantitative basis the 
effects of carburetor heat and/or variable cylinder 
head temperatures on the quality of engine opera- 
tions for all existing installations. 

There is insufficient data regarding the low tem- 
perature effects on engine operation for both direct 
fuel injection engines and also turbo-jet and turbo- 
prop engines. Here particularly, continued investi- 
gations seem in order. 


Considerable emphasis is still to be placed on 
maintenance and accessibility. Many smaller prob- 
lems still plague the USAF insofar as accessory 
equipment is concerned. Considerable difficulty 
and excessive maintenance is still experienced due to 
malfunctioning of seals, gaskets, grommets, ‘O’ 
rings, hoses, diaphragms, and so forth, when sub- 
jected to low temperatures. 


Seals Leak 


Many internal seals of fuel flow equipment still 
leak and cannot be corrected by normal mainte- 
nance. Hose connections and fittings plus gasketed 
surfaces all tend to leak due to cold flow. Other 
types of equipment having similar characteristics 
also present cold weather problems. 

The Power Plant Laboratory is now concerned 
with four major low temperature test facilities. 
These are: 


@ Ladd Field, Alaska, where engine test stands for 
both reciprocating and turbo-jet engines are avail- 
able for testing under actual Arctic conditions. 


@ The Power Plant Laboratories Low Temperature 
Building which has just begun operation and which 
is capable of providing controlled low temperature 
down to -110F. 


@ Eglin Field’s Climatic Hangar in which full size 
aircraft of the largest type can be ground operated 
under various climatic conditions, plus the Eglin 
Field Engine Test Cell where all types of engines can 
be operated throughout the power range under vari- 
ous climatic conditions. 


@ Mount Washington Icing Base where exception- 
ally severe natural icing conditions are obtained 
for at least six months of the year. Icing tests of 
particular value in induction system investigations 
can be conducted there, Fig. 4. 
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“Method of Operation” 


Details New Procedures 


OORDINATING Research Council has issued a 
“CRC Method of Operation” which details an or- 
ganization structure “designed to afford a straight- 
forward method of accepting problems, carrying out 
the necessary work to obtain the answer, and dis- 
tributing the resultant information to all those in- 


terested.” (SAE and API are the Sustaining Mem- 
bers of CRC.) 

Important in the relatively new operational pro- 
cedure is the Assignment Committee, which—report- 
ing directly to the CRC Board of Directors—accepts, 
approves, and assigns projects .. . and acts as the 
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coordinating agency between the Coordinating Fuel 
and Equipment Research Committee and the Coor- 
dinating Lubricants and Equipment Research Com- 
mittee, the two groups through which CRC technical 
projects are accomplished. 

The Assignment Committee now determines 
whether or not a project which has been proposed 
for Council activity will be supported by the cooper- 
ating equipment and petroleum industries with the 
necessary funds and personnel to carry on the work. 
.. . Chairmanned by the CRC President, its per- 
sonnel consists of CRC officials concerned with both 
industry and technical aspects of the Council. (See 
accompanying chart.) As a result it is peculiarly 
adapted to considering all viewpoints in its func- 
tioning and, if a divergence arises between technical 
and industry viewpoints, to present “an opportunity 
for a thorough airing of the problem so that a com- 
mon understanding may be attained.” 

Essential elements of the Assignment Committee 
are the Equipment Advisory Committees and the 
Petroleum Advisory Committee which have been es- 
tablished to represent the varied interests of the 
equipment cooperating industries. These Advisory 
Committees (see chart), shown connected by dotted 
lines to the Assignment Committee, advise the latter 
whether or not a project which has been proposed as 
a Council activity will be supported by the cooperat- 
ing industries. The chairmen of these Equipment 
Advisory Committees sit as members of the Assign- 





ment Committee. 

Detailing qualifications for membership in CFR 
and CLR, the new document says: “The member- 
ship of the CFR and the CLR is selected from rep- 
resentatives of organizations which contribute ade- 
quate financial support, research facilities or tech- 
nical data to the work of those committees, or 
persons who have training and experience of special 
value to the work of the committee.” Such member- 
ship is subject to the approval of the appropriate 
committee and the Board of Directors. 

Reports resulting from the work of the Divisions 
or Groups (established by CFR and CLR to carry out 
specific technical projects) are issued by the CFR 
and the CLR in the name of the Council, the “Meth- 
od of Operation” points out. “In addition,” it is 
stated, “these Committees act for the Council on re- 
ports resulting from the work of technical commit- 
tees of other organizations in which the Council is 
participating. Where questions of policy regarding 
publication or distribution of a report from the CFR - 
or CLR committee are involved, the report is sub- 
mitted to the Board of Directors for decision.” 

Chairmen of the CFR and the CLR and their Di- 
visions and Leaders of Groups are elected for a one 
year period by secret ballot. 

Copies of the complete “CRC Method of Opera- 
tion” are available on request from Coordinating 
Research Council, 30 Rockefeller Plaza, New York 
20, N. Y. 





Based on paper by 


CAPT. C. H. SCHILDHAUER, usNne (Ret.) 


EAPLANES hold potential economies for 

long-range, large-load air transport. 

Flying boats are not limited by size and 
weight restrictions as are land aircraft. In- 
creasing airplane size reduces direct operating 
costs per ton-mile. 

Providing land airports for larger land 
planes may become prohibitive and curtail 
further increase in their size. Even with cur- 
rent large land aircraft, operators are faced 
with the problem of finding airports with ade- 
quate area, with runways of proper length and 
strength. Number of places in the world 
where a 250,000-lb land airplane can land is 
extremely limited. What happens when an 
airplane of this size is unable to make one of 
the widely distributed airports and has to 
land elsewhere? 

No such limitations exist for seaplanes. 

Additionally, the cost of building and main- 
taining airports to handle large land airplanes 
places a heavy burden on the air transport 
industry. Cost of major land airports in this 
country are in some cases close to the $50,000,- 
000 mark. Cost of equipping a seadrome is 
under $300,000. 

While the Martin Mars type of flying boat 
was basically designed 10 years ago, material 
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Fig. 1—Trend in seaplane hull design. Third airplane shown 

is the High-Performance Seaplane under development, to be 

powered by four propeller turbines. It will have a gross weight 
of 360,000 Ib 


advances have been made during the last few 
years in bettering flying boat efficiency. Aero- 
dynamic as well as hydrodynamic refinements 
have been made by increasing the length of 
hull-to-beam ratio, as shown in Fig. 1. With 
this gradual change, higher speeds reflecting 
more economical operation are in the offing. 
(Paper “Economical Aspects of Flying Boat 
Operation,” was presented at SAE National 
Aeronautic Meeting, Los Angeles, Oct. 7, 1948. 
This paper is available in full in multilitho- 
graphed form from SAE Special Publications 
Department. Price: 25¢ to members, 50¢ to 
nonmembers.) 
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BODY INTERIORS 


Challenge Designers Anew 


S an industrial designer, I see basic factors influ- 
encing the trend in interior design which I be- 
lieve we Should be thinking about. 

Continued growth of woman’s influence in buying 
cars is one of the most important of these trends. 
If you want to know what will sell, watch the woman. 
She knows what she wants, and she won’t accept 
anything else. 


Zipper-Equipped Upholstery 


When she tries to turn her creative urge from her 
home to her car, she finds the same blues and grays 
and browns offered in car upholstery for 20 years. 
... They are men’s colors. We are trying to Sseli 
Anna Held products in Lana Turner’s time. 

Why not let the customer, particularly the woman 
customer, pick out the interior color scheme she likes 
best ... by designing interior fabrics of tailored 
rayon for quick change with zippers and push but- 
tons? 

The manufacturer spends $4 to $5 per yd at pres- 
ent for the necessary 15 yd of upholstery in a car. 
Then the buyer immediately conceals the $70 invest- 
ment under $30 worth of seat covers. . . . The irony 
is that the $70 material won’t wear one bit longer or 
better than plain duck at $1.50 per yd. So why not 
save the heavy original investment by adopting the 
quick-change, zipper idea? 

By substituting duck for broadcloth, and giving 
the customer the color option of inexpensive nylon 
interiors, we can cut the price of the car. This is 
particularly commended for the new price jobs now 
being engineered. (Make no mistake about it, there 
Wil be one or more price cars with responsible back- 


ing on the market within months rather than 
years.) 


Interior Room Adequate 


Any design change which makes for greater adapt- 


ability, versatility and flexibility in the interiors is 
good. 
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I believe we have, in modern cars, about as much 
interior room as we can expect. Cars don’t need to 
be any longer .. . and they are about as wide as 
highway and garage limitations will permit. 

But the buyer wants plenty of headroom both in 
front and in back. (Some of the volume cars went 
too far in cutting down rear head space for the sake 
of a tear-drop effect, and negative customer reaction 
is forcing them to go back up.) 

Height of the body above street-level isn’t too im- 
portant if it is combined with proper exterior high- 
lighting and the low silhouette. 


Picture Windows 


The motorist would like his car to be a picture 
window on wheels—like the picture windows we are 
putting into living rooms these days. ... Let him 
and his passengers see in all directions, with no 
more obstructions than are necessary for structural 
support. (The bubble top of transparent plastic, 
I’m not so sure of... . It is gadgety.) 

Free use of glass won’t admit too much sun heat 
if we resort to heat-resisting glass where necessary. 
.. . As to the curved glass appearing in some new 
windshields, I’m for it! It is expensive, but offers 
offsetting benefits in vision and safety. 


Seating Arrangement Ideas 


As to seating arrangement, it has been suggested 
that the seating arrangement of a cockpit be 
adapted to the automobile, because it is more inti- 
mate and informal. Such an idea merits study, but 
many more people ride in buses and street cars more 
than in nautical cockpits . . . and on these vehicles 
the side seats are the last ones occupied. People 
want to ride forward ... want to see where they 
are going. 

The important thing is that we now have room to 
experiment. Instead of being compelled to stick 
to the single carriage seat in the rear, we can pro- 
vide individual seats with individual adjustments 
for leg room and floor height. We can study the ad- 
justable back arrangement of the Pullman chair. 


Continued on p. 59 








FFECT of oils on piston-ring sticking in engines of 

personal airplanes is obscure. For this reason 
a test program was established to evaluate lubricants 
from this standpoint. 

Test equipment for this investigation was adapted 
to a conventional propeller cell test stand. An 
auxiliary blower with measuring orifice was used for 
cooling air supply. The engine is enclosed in a cowl 
which incorporates a surge chamber and provides 
a means for controlling the cooling air flow. This 
system isolates the engine from the propeller air 
blast to satisfy the requirement of controlling cylin- 
der head temperatures by means of controlled cool- 
ing air flow during the test run. 

The engine used for these tests was an A-65 Con- 
tinental 4-cyl, horizontally-opposed, aircooled air- 
craft engine, rated at 65 hp, at 2300 rpm. The 
cylinders were provided with complete baffles for 
both the head and barrel. Air flow was directed up- 
wards from the bottom of the engine. The baffles 
had inlets and outlets of equal spacing equivalent 
to about 1.5 times the fin depth. 

Special compartments for each individual cylinder 
head and each individual cylinder barrel were pro- 
vided on the outlet side (under the cowl top) with 
cooling air damper controls, located in the cowl 
cover. Thus, the temperature of each cylinder could 
be varied independently from the others making it 
practical to maintain uniform temperature limits 
for all cylinders. The engine installation arrange- 
ment is shown in Fig. 1. 

Past experience indicated the necessity for rather 
complete temperature information from each cylin- 
der. The cylinder head, upper ring travel, and oil 
temperatures would have to be determined and con- 
trolled during a given test so that results could be 
correlated with subsequent tests. 

All cylinders were equipped with top and bottom 
spark-plug gasket thermocouples, top and bottom 
upper ring travel thermocouples, and top and bottom 
cylinder flange thermocouples. In addition, No. 1 
cylinder had top and bottom lower head fin thermo- 
couples for additional data on temperature gradient. 
The location and method of installation of the 
thermocouples are shown in Fig. 2. 

In addition to temperature data, measurements 
were made of cooling air distribution to the cylin- 
ders. Static pressure probes were located in the cowl 
cylinders 1 and 2. Similarly, temperature measure- 
ments were made of the cooling air below the cylin- 
ders and in the cylinder head compartment above 
each cylinder. 

A special oil screen adapter was used to carry the 
oil from the engine oil pump through an external 
heat exchanger before passage through the engine. 
Both steam and water were piped to the exchanger 
to permit close temperature control. Oil tempera- 
ture was measured at’ the inlet to the engine oil 
galleries. 

Carburetor air was taken from the test cell 
through a standard aircraft air scoop and hence the 
temperature and pressure was not controlled. 

It was necessary to have a test severe enough to 


* Paper ‘““A Method for Evaluating Aircraft Engine Oils by Piston-Ring 
Sticking Tests,” was presented at SAE National Fuels and Lubricants 
Meeting, Tulsa, Nov. 4, 1948. (Complete copies of this paper are avail- 
able in full in multilithographed form from SAE Special Publications De- 
partment. Price: 25¢ to members: 50¢ to nonmembers.) 
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cause piston-ring sticking in a reasonable period of 
time, which we considered to be 50 hr or less. It was 
not practical to run for hundreds of hours to obtain 
an answer to a problem of this nature. Conse- 
quently, the running schedule was established at 
full throttle and 2300 rpm for all runs, with tem- 
peratures controlled to values determined by the 
time required to induce piston-ring sticking. 

To establish the temperature reference line, the 
first test was run with an oil of known field per- 
formance. In the initial run, the conditions set up 
were too severe and temperatures well over practical 
limits were obtained. Hence the length of the run 
was less than 10 endurance hours. 

Finally the temperature limits were revised for 
this base line test as follows: upper ring travel tem- 
peratures of 450F, +10, with the spark plug gasket 
temperatures at 550F, +10, at the hottest point 
regardless of whether it was top or bottom of the 
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Fig. 1—The A-65 Continental 4-cyl engine installation for evaluating 
effects of oils on piston-ring sticking 
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cylinder. The flanges were allowed to run around 
300F without trying to establish any limits, since 
the flange temperature was unduly influenced by 
crankcase temperature in this installation. The oil 
temperature was established at 220 to 225F. 

With these limits and using the established ref- 
erence oil, piston-ring sticking occurred in about 26 
hr of engine test time. Although the temperature 
limits appear to be rather wide, good correlation 
between successive runs was obtained. For instance, 
in rechecking a run on the base line oil, ring stick- 
ing was found to start within approximately 2 hr of 
the original run. 

The main indication of ring sticking during a test 
is the increase in crankcase pressure. Typical 
crankcase pressure versus time is plotted in Fig. 3. 
This curve is shown in comparison with the tem- 
perature data that is recorded for a typical cylinder. 
Some scoring of pistons occurred before the tech- 





nique of interpreting the various changes 
in pressures was developed. 

In the beginning, it was difficult to 
know whether the increase in crankcase 
pressure was caused by blow-by from one 
cylinder or from all four. However, by correlating 
changes in cooling-air pressure drop across the 
cylinders (to maintain constant upper ring travel 
temperature), it was possible to determine which 
cylinder was contributing to increased blow-by and 
hence was experiencing piston ring sticking. 

Between tests, in rebuilding the engine, new 
cylinders or completely remanufactured cylinders 
in new condition were used. Each engine build-up 
included remanufactured rods, new rod bearings, 
and new main bearings as well as new spark plugs. 
The new rings and pistons used had the piston-ring 
side clearance maintained between the low limit and 
plus 0.0005. That point is quite important, espe- 
cially on the two top rings, if correlation of results 
is to be obtained. 

This series of tests covered approximately 20 dif- 
ferent samples of oil submitted by several different 
oil producers. The samples included both mineral- 
base oils and compounded oils with additives. The 
total spread in piston-ring sticking endurance was 
quite large. Some oils ran from 5 times as long as 
others. Yet this, in itself, is not the complete cri- 
terion for selection, since some of the long en- 
durance oils created difficulties in the engine by 
forming deposits on the spark plugs and accumu- 
lating an undesirable ash in suspension. 

Our evaluation of the engine after test was con- 
cerned with cylinder and piston wear, degree of 
piston-ring sticking, and engine deposits in general, 
particularly in the piston, rocker boxes, and on the 
valve stems. All bronze parts and bearings were of 
interest from the standpoint of any adverse effect 
caused by additives to the oil. 
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Fig. 2—How cylinder thermocouples were installed on the Continental 


A-65 engine to get data on temperature gradient 


—_— 





500 
ive 
s 
500 
w 
a 
5 
ion 
<= 450 
w 
a 
= 
2 . 
400 w 
« 
all > 
~ 
w = 
i) 
Su 
xz 
z= 
< 
a 
rs) 


° 10 20 30 40 50 
TEST TIME - HOURS 


Fig. 3—Temperature data and crankcase pressure readings for a typical 
cylinder. Increase in crankcase pressure during the test indicates ring 
sticking 
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OWER loss variations in comparable engines ap- 
pear to hinge on degree of design know-how and 

the compromise made in selecting component and 
design combinations, a survey of truck, bus, and 
tractor engine makers indicates. While it is not 
possible to account for specific variations in each 
type of power loss, we can report what they are and 
the factors affecting these losses. 

Total power losses of an engine are made up of 
friction of internal moving parts together with 
pumping losses and power requirements of driven 
accessories. Internal engine losses break down into 
two categories: (1) mechanical friction due to rub- 
bing and moving parts such as bearings and piston 
rings, and (2) pumping losses from work done in 
drawing air into the engine through the induction 
system and in expelling exhaust gases through the 
exhaust system. 

Actual performance of a journal bearing can be 
closely approximated by theoretical predictions. An 
important relationship has been evolved in this 
expression: 

f=ZN/P 
where: 


f = coefficient of friction, 
Z=absolute viscosity of the lubricant, 
N = Journal rpm, and ’ 


P = bearing pressure in pounds per square inch of 
projected area. 


Fig. 1 shows the type of curve obtained by plotting 
observed coefficients of friction, for a given bearing, 
against their corresponding values of ZN/P. Bear- 
ings of different geometrical proportions will have 
their own characteristic curves, but all will be simi- 
larly shaped. Coefficient of friction also depends on 
such design factors as the length-diameter and 
clearance-diameter ratios since they affect bearing 
pressure and oil film thickness. 

Material combinations do not affect the coefficient 
of friction above critical ZN/P values. But they are 
important from other considerations, such as their 
ability to operate in the region of partial lubrication 
during engine starting and break-in. 

Some bearing perfermance problems seem to stem 


* Paper “Discussion of Power Losses in Tractor Engines’’ was presented 
at SAE National Tractor and Diesel Engine Meeting, Milwaukee, Sept. 9, 
1948. Complete copy of this paper is available in full from SAE Special 


Publications Department. Price: 25¢ to members, 50¢ to nonmembers. 
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Fig. 2—Removing the top piston rings in this truck engine lowered both 

friction and brake horsepower. But it is felt that if properly designed 

the three-ring combination would gain on friction horsepower wit!- 
out hurting performance 
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Fig. 3—Cylinder sleeves, these data show, reduce friction horsepower. 
Explanation for this is that with sleeves, heat transfer is lowered so that 
wall temperature rises which lowers oil film viscosity 
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Fig. 4—Effect of throttle opening on friction horsepower 
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from rigidity of the engine’s structure and com- 
ponents related to bearings. Obviously they must 
be resolved together to minimize bearing-friction 
power losses. 

Theoretically piston and ring friction, the second 
type of mechanical friction, could be reduced by: 

1. Reducing rubbing area of the piston wall to 
diminish the area of oil film in shear. 

2. Using maximum piston clearance to increase 
oil film to reduce scuffing. 

3. Holding to a minimum ring load, number of 
rings, and width of rings. 

But application of these measures may become 
impractical when design requirements add charac- 
teristics such as specified engine output, maximum 
service life, low oil consumption, and minimum 
blowby. 

Fig. 2 demonstrates the effect of reducing engine 
friction by removing the top ring of a four-ring com- 
bination piston. In this case the friction reduction 
gained was offset by about an equivalent loss in 
engine output. Here it is felt that blowby caused 
the power reduction since compression pressures 
were appreciably lowered with increase in blowby 
rate. It also was said that a properly designed 
three-ring piston assembly probably would not have 
been as objectionable performancewise. 

Fig. 3 illustrates the difference in friction horse- 
power between a certain engine’s operation with and 
without cylinder sleeves. The lower level obtained 
with the sleeves probably comes from a lower heat 
transfer to the jacket water; this raised the wall 
temperature level and lowered lube film viscosity. 

Another item intimately related to piston and 
ring design is cylinder bore distortion, from either 
mechanical or thermal stresses. It very largely 
determines behavior of any piston and ring com- 
bination. 

Second part of internal engine losses, pumping 
losses, are the tctal work required both to draw a 
fresh charge into the cylinder and to expel exhaust 
products. Any flow restrictions in either the induc- 
tion or exhaust systems affect these losses. The 
combination of valve timing, valve life, inlet and 
exhaust passage design, carburetor, air cleaner, and 
muffler systems determine the total restrictions. 
Losses vary with such operating conditions as engine 
speed and throttle opening, as shown in Fig. 4 fora 
400-cu in. truck engine and a 150-cu in. tractor 
engine. 

Changing suction pressure toward the atmos- 

















pheric level reduces pumping losses to a greater ex- 
tent than a corresponding reduction in exhaust back 
pressure. Such measures improve bmep by increas- 
ing volumetric efficiency as well as reducing pump- 
ing losses. 

Effect of compression ratio on friction mean effec- 
tive pressure for two truck engines is shown in Fig. 
5. For a change of nearly two compression ratios 
on the 150-hp engine, effect on fmep is considerably 
less than for a one compression-ratio char:ge on the 
115-hp engine. 

Theoretically, higher pressures in the cylinder 
cause fmep to go up with compression ratio increase. 
But probably the wide differences between these two 
engines stem partly from the greater distortion in 
the 115-hp engine. Power output comparisons 
evidenced this. Engine No. 1 improved as per theo- 
retical expectations for the compression-ratio in- 
crease; engine No. 2 fell far short, despite no alter- 
ing of volumetric efficiency. 

Accessory power losses can be separated into those 
for fixed accessories (such as air cleaners, carbu- 
retors, and mufflers), and those for engine-driven 
accessories (such as fans, generators, and pumps). 

Fixed accessories are related to power losses. 

How fixed accessories affect quantitative and 
qualitative delivery of fuel and air to the engine 
determines their part in power losses. Air cleaner 
and muffler systems may have low restriction charac- 
teristics; but because of their nonresonant effect, 
they actually may reduce the mixture quantity sup- 
plied certain cylinders, or alter fuel nozzle flow and 
thereby produce wide instantaneous variations in 
air-fuel ratio. 


Correct Adjustments Advocated 


Properly tuning these systems minimizes these 
disorders. Additionally volumetric efficiency then 
approaches the limit set by engine dimensional 
factors. Since engine speed affects resonance re- 
quirements, compromises must be made for engines 
operating over a wide speed range. Tractor engines, 
operating within a reasonably narrow range, allow 
a better compromise. 

Figs. 6 and 7 picture air cleaner and muffler losses 
for tractor and truck engines over a wide displace- 
ment range. Note that all engines are divided into 
groups I, II, III, and IV. These groups were arbi- 
trarily selected on an engine speed basis. Tractor 
engines with governed speeds within these respec- 
tive groups are compared with truck engine data 
obtained at the mean speed of each group. 

Other important considerations in accessory loss 
comparisons are engine displacement and speed 
relationships. But the tractor group submitted most 
of the accessory loss data at governed speed only. It 
was necessary to use this method of presentation to 
get comparisons on a displacement and speed basis 
as well as to mask the identity of the tractor engines. 
Since losses shown vary only slightly over the nar- 
row chosen speed range, comparisons between en- 
gines within a group are reasonably firm. 

Fig. 6, showing air cleaner losses, reveals very little 
difference between tractor engines within a given 
displacement range for any speed group. But effects 
of speed range and displacement appear to be ran- 
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Fig. 5—Tests from which these results were obtained show that effect 

of compression ratio on fmep may differ from predictions because of 

other factors. Big difference in fmep increase between engines No. | 

and No. 2 due to compression ratio increase stems partly from the 
greater distortion in engine No. 2 
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Fig. 6—Air cleaner losses for truck and tractor engines 
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Fig. 7—Muffler losses are small for tractor engines. For truck engines 
they increase with speed and displacement 
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Fig. 8—Fan losses for tractor and truck engines 
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Fig. 9—Total power losses rise with displacement for any group of 
truck or tractor engines 


dom. Apparently magnitude of air cleaner losses 
is small for tractor engines surveyed, except for the 
relatively high loss shown for the one engine in 
Group II, column A. As expected, values for truck 
engines tend to increase with speed and displace- 
ment. 

Muffler losses, shown in Fig. 7, also are small for 
tractor engines. Again speed and displacement 
vary. And there is little difference between tractor 
engines within a given displacement range. Truck 
engines exhibit the same general trend of increasing 
loss with speed and displacement. 

Losses from engine-driven accessories stem only 
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Fig. 10—Total friction mean effective pressure at governed speeds of 
tractor and truck engines 


from the power required to drive them. Fig. 8 shows 
fan losses for tractor and truck engines. Same 
scheme was used here as for air cleaners and 
mufflers. For both tractor and truck engines, there 
is a trend of increased loss for respective engine sizes 
as displacement increases. This follows general 
expectations. 

But there is a wide variation between the lowest 
and highest tractor engine in Group II, column B, 
and Group III, column A. In fact these differences 
are greater than any other variation in Fig. 8. 

Survey data for tractor engines show that power 
losses due to generators vary from 0.1 to 0.5 hp and 
are independent of engine size and speed. Charging 
rate the data represents is not known in most cases. 
But even the highest loss reported may not be out 
of line with considerations of possible electrical 
load requirements. 

Truck engine generator data are not considered 
here because generator size selected depends on type 
of vehicle in which the engine is installed. 

Fig. 9 shows total power losses of the tractor and 
truck engines surveyed. For any group of tractor 
or truck engines, total power losses go up as displace- 
ment increases. For truck engines of similar dis- 
placement, total power losses rise progressively as 
engine speed increases. These trends are in line 
with general expectation. However, the tractor data 
show an inconsistent trend with regard to speed. 

Rather than comparing tractor and truck engines 
at comparable speeds, Fig. 10 shows total friction 
mean effective pressure relationships based on 
governed speeds. 

Engines are grouped according to displacement. 
Note the general trend of increased fmep as engine 
displacement goes down. Yet Fig. 9 shows a reverse 
trend on a friction horsepower basis. Evidently 
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| 





total friction losses are proportionately higher for 
smaller engines. Reason for this is that neither size 
of some accessories nor amount of internal friction 
scale down directly with decrease in engine displace- 
ment. 





Reducing Losses From Components 


On an industrywide basis it seems that all engine 
makers are “reading out of the same book,” aj- 
though they are getting widely different results. 
This may be due to both design technique and the 
manner of determining end results. 





Factors influencing power consumption of engine 
components and accessories and ways of minimizing 
these losses are here discussed by specialists in de- 


sign of these parts. 


Pistons and Rings 


by A. M. Brenneke 
Perfect Circle Corp. 


Few engines can afford to reduce friction at the 
expense of cylinder and ring wear rate. Chrome 
plate does offer a possible means of maintaining 
present wear rate and reducing friction or maintain- 
ing present friction and reducing wear rate. 

Theoretically, a reduction in friction due to the 
lower coefficient of chrome exists too; but advertis- 
ing not withstanding, we have not been able to 
measure it. Perhaps piston rings do know about 
fluid friction after all. We must warn that with- 
out considering wear rates, compression ring widths 
of less than 3/32 in. cannot be recommended for 
four-cycle engines. At the present state of the art, 
oil control and resistance to sticking are very poor 
with lesser widths. 


by Stuart Nixon 
Sealed Power Corp. 


To reduce friction any appreciable amount, it is 
necessary to: (1) minimize scuffing, (2) maintain 
oil film thickness, (3) reduce static friction, and (4) 
reduce oil shearing force. 

Using wide piston clearance and few narrow rings 
minimizes friction. But this combination is not 
conducive to long life. And piston and ring life are 
prime requirements for a tractor. 

Ring load desired is one that gives lowest total 
load and best oil control. In general, reducing ring 
tension effects oil control considerably. Any gain 
in reducing ring load may be at the cost of oil con- 
trol. 

Narrow rings obtain most consistent results. 
With such rings total load is kept low, but unit pres- 
sure is maintained. Use of fewer wide rings than 
narrow rings to keep ring load constant invariably 


results in poorer oil control. A narrow ring reduces 
starting force required at the dead centers. 

Actual number of rings contributes to ring fric- 
tion. Each ring over two adds about % to 3%4% to 
total friction. This is one of the penalties to be 
paid for satisfactory engine life. Also there is ap- 
parently a low limit on ring width after which things 
begin to happen. Ring resistance to abrasive wear 
increases or stays equal as ring width decreases, 
down to a diameter-to-width ratio of about 40. 
Rings with narrower ratios have evidenced less 
resistance to wear. This may be entirely a function 
of piston design or ring arrangement that has not 
been worked out yet. 

Other power loss involving rings and piston is the 
shearing of the oil film. Engines running with close 
piston clearance (thin lubrication films) indicate a 
higher friction loss than engines operating with a 
wider clearance. 

Oil viscosity at the operating temperature enters 
into this shearing loss. Force required to shear the 
film is inversely proportional to film thickness and 
directly proportional to coefficient of viscosity. 
Lowering viscosity runs the danger of weak film 
strength at elevated temperatures and higher oil 
consumption. 


Fans and Water Pumps 


by K. A. Beier 
Schwitzer-Cummins Co. 


Radiator and fan combination must be worked out 
together. A good radiator with a badly chosen fan, 
or vice versa, will do a poor job. 

Shrouding the fan has been given very little at- 
tention because it was the general belief that little 
can be gained by the additional expenditure for the 
shroud. Yet we have cases where we nearly doubled 
air delivery of certain fans by addition of a shroud 

It is equally important that the engine designe 
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» a clear picture of what it means in power ex- 
siture to lower the air to boil differential below 
ven figure. He wants to be sure that his engine 


= ; properly under extreme conditions, which may 
happen only a few days during the year’s operation. 
He f orgets that the user is penalized for this safe- 


_ 


yard during the entire operating period. 

Not so long ago it was entirely satisfactory if the 
engine would not boil when the ambient tempera- 
ture was 100F. Today we are asked to cool to 110 to 
115F: this means in many cases that air flow 
through the radiator must be increased from 40 to 

a 
ae can easily be calculated what it costs the user 
of the vehicle to expend an additional two or three 
unnecessary horsepower on a tractor fan during a 
season. This figure should be the best argument for 
the designer with the sales department for any 
slight additional cost to proportion and design 
properly both radiator and fan. 

The water pump comes in for the same argu- 
ment. Because of either design limitations or final 
cost, pumps, in the last few years, have assumed the 
form of a paddle wheel in a nondescript housing. 
In several cases we have been able to raise pump ef- 
ficiency—through research of individual applica- 
tions—so as to actually halve horsepower. These 
savings are worthwhile when we consider that there 


are pumps in the field today that take as much as 
6 to 8 hp. 


ga 


Bearings 


by A. B. Willi, Jr. 
Federal-Mogul Corp. 


Design factors play a role in the power consumed 
by bearings. 

For example, the ZN /P factor indicates two things 
—friction coefficient and oil film thickness. From 
a friction standpoint, a low ZN/P value seems de- 
Sirable; but as this factor decreases, so does oil film 
thickness. Film thickness may become so minute 
that surface irregularities on bearing or shaft may 
partially rupture the oil film and result in metal-to- 
metal contact, with a terrific increase in friction 
loss. 

Theoretically, the minimum oil film thickness 
must exceed 0.00004 in. to remain within the fluid 
friction range. For the average tractor engine, 
average ZN/P for connecting rod bearings is about 
22, with an average minimum oil film thickness of 
0.0001 in. Calculated thinness of this film points up 
the need for maintaining good shaft and bearing 
finishes and clean engines, if friction losses are 
to be minimized. 

Next recommendation is the use of light viscosity 
oils. For example, with all other factors affecting 
power loss remaining constant, use of SAE 40 oil 
instead of SAE 30 showed a 13% increase in calcu- 
lated bearing power loss in a specific engine. This 
Should not be taken as a general recommendation, 
for with heavily-loaded engines using a lower vis- 
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cosity oil may make the oil film dangerously thin. 

Though most sleeve bearings can operate fairly 
well through a wide oil clearance range, there is a 
rather narrow clearance band at which they func- 
tion more efficiently. As oil clearance increases, so 
does oil flow; and its additional cooling effect re- 
duces oil film temperature which raises viscosity. 

Several engines investigated showed a power loss 
increase of 15 to 18% when oil clearance was opened 
up 0.0015in. For this reason it may be well to set up 
bearing fits initially at the absolute minimum oil 
clearance at which they will operate, and hold over- 
all oil clearance tolerance to as close limits as is 
economically possible. 

This would require a minimum oil clearance of 
about 0.0003 to 0.0004 in. per inch of shaft diameter, 
with 0.0005 in. tolerance on shaft and case bore 
diameters and 0.00025 in. tolerance on bearing wall 
thickness. These limits are about 50% better than 
those now being held on most tractor engines, but 
are about the same as those now being used on some 
passenger car engines. 

Obviously bearing length-to-diameter ratios also 
are worth considering when looking for ways to re- 
duce bearing friction losses. Many tractor engine 
bearings examined are well proportioned and have 
ratios of 0.4 to 0.6 for rod bearings, and 0.6 to 0.8 for 
main bearings. But a fair percentage of bearings 
have ratios exceeding one. Such bearings should 
be redesigned because of their inefficiency. 

Their power loss is more because of the greater 
area of oil film that is being sheared. Such bearings 
tend to run hotter; to keep their temperatures 
within reasonable limits, greater clearances must be 
allowed to increase oil flow, which gives still more oil 
to shear and still more power loss. 

Taking all bearings and bushings into considera- 
tion (reds, mains, and camshaft bearings, piston pin, 
water pump, generator, distributor or magneto 
bushings), it seems that overall bearing friction 


losses do not exceed 2 to 244% of the rated engine 
power. 


Air Cleaners 


by W. W. Lowther 
Donaldson Co., Inc. 


Greatest gains may be made by paying attention 
to those items requiring the greatest horsepower. 
But this does not mean that paying attention to the 
induction system and improving volumetric ef- 
ficiency of the engine cannot boost horsepower out- 
put. 

Our tests show that horsepower output of a trac- 
tor engine is directly proportional to the actual air 
demand of the engine. We have data which in- 
dicate that the horsepower output of a certain 
tractor engine has been increased about 5% by pay- 
ing attention to the air ram of a proper length of 
stack and resonance of the induction system, to- 


gether with proper valve timing, manifold design, 
carburetion, and ignition. 
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Fig. 1—Approximate dimensions of simulated ice buildup on Curtiss 
89301-15 propeller blades 
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(This paper will be printed in full in SAE Quarterly 
Transactions.) 


HEATED-AIR thermal anti-icing system for pro- 
pellers costs a little less in propeller aerodynamic 
efficiency than a moderate ice accretion. Both re- 
duce propeller efficiency only a few per cent in the 
usual operating range. 

NACA tests of a propeller with moderate ice ac- 
cretion show a 3% loss in efficiency for operation in 
cruise or gentle climb. Losses under severe condi- 
tions may be greater; for a highly loaded propeller 
in steep climb where ice causes premature stalling, 
loss in efficiency has been calculated to be 15% or 
more. 

Tests of a heated-air thermal anti-icing system 
indicate that it can be applied continuously with 
only a 1% loss in aerodynamic efficiency. About half 
the loss with this system is due to the drag of the 
nozzles required at the blade tips. The remainder 
is due to aerodynamic losses in the internal flow. 
Heating the internal air seems to have little effect 
on propeller efficiency. 

These conclusions stem from three investigations 
conducted in the NACA 16-ft high-speed wing tunnel 
at Langley Field to establish the relative magnitudes 
of propeller efficiency loss due to ice formation and 
to one type of anti-icing system. First, effect on 
propeller characteristics of a simulated ice deposit 
was measured. Then propeller efficiency loss was 
determined with nonheated air in an idealized 
heated-air type system and with nonheated and 
heated air in a complete heated-air anti-icing 
system. 

For the investigation of iced propellers, photo- 
graphs were obtained of propellers operating in 
flight under icing conditions. They showed a heavy 


deposit of ice on the blade shanks, lighter deposits 
on the middle portion of the blades, ice-free blade 
tips, and just outboard of the shanks a section of 
ice release. Cement and fabric were arranged on 
propeller blades to simulate typical ice accretions 
in shape, location, and roughness. Fig. 1 is a sketch 
of the propeller blades with the simulated ice. 

The blades were of the Curtiss 89301-15 design, 
which embodies Clark Y-sections and has an activity 
factor of 98 per blade. The propeller had three 
blades and was 10 ft in diameter. 

The coated propeller was tested at a constant 
rotational speed of 1800 rpm over a representative 
range of blade angles and values of advance ratio. 
Then the coating was removed, and the tests re- 
peated. 


Comparison of the two sets of test results showed 
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Fig. 2—Effect of icing on propeller efficiency of 10-ft diameter pro- 
peller. (J is advance ratio) 
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that the simulated ice reduced thrust more than 
it reduced power required to operate at a given con- 
dition. At high values of the power-rotational speed 
cubed ratio, the reduction in thrust is apparently due 
to loss of lift of the blade section. At very low values 
of the power-speed cubed ratio, the simulated ice 
evidentally increased markedly the drag of the blade 
sections near zero lift. 

Fig. 2 shows propeller efficiency as a function of 
advance ratio (velocity of advance divided by the 
product of propeller rotational speed and propeller 
diameter). Propeller efficiency peaks at about 83% 
for medium blade angles. The simulated ice reduces 
peak efficiencies about 3%. The loss remains only 
about 3% for all blade angles in the regions of ad- 
vance ratio less than that for peak efficiency. (Por- 
tions of the curves at values of advance ratio higher 
than those for peak efficiency are not representative 
operating ranges for propellers because they repre- 
sent conditions of extremely light loading.) 

The difference between the envelopes of the effi- 
ciency curves, as plotted in Fig. 3, varies from 2 to 3%. 

Because the 2000-hp electric dynamometer used to 
drive the propeller was inadequate powerwise for 
determining stalling characteristics of the propeller, 
the stalling condition was investigated analytically. 
This served two purposes: It showed that the calcu- 
lated decrease in propeller efficiency was of the 
Same magnitude as that found experimentally, in 
the range where experimentation was possible. It 


og 


gave an indication of the detrimental effect of 


r “Effect of Ice and Heated-Air Deicing on Aerodynamic Perform- 
f Propellers” ‘was presented at SAE National Aeronautic and Air 
port Meeting, New York, April 14, 1948. (This paper is available in 
multilithographed form from SAE Special Publications Department. 
25¢ to members, 50¢ to nonmembers. ) 
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premature stalling of iced blades on propeller effi- 
ciency. 

The airfoil data used for the analysis were taken 
from a study of the effects of a simulated ice forma- 
tion on the aerodynamic characteristics of an NACA 
0012 airfoil. The effect of the ice was to reduce 
maximum lift greatly and to increase the drag, so 
that values of lift-drag ratio for the iced wing were 
less than half those for the ice-free wing. 

Propeller characteristics were calculated for a 
blade angle of 30 deg for both the clean propeller 
and the iced propeller. The assumed propeller was 
shaped like that used for the wind-tunnel tests, 
except that the blades were of NACA 0012 section 
and the ice was assumed to be evenly distributed 
over the leading edge of the propeller blades from 
hub to tip. 

Calculated values of efficiency shown in Fig. 4, 
agreed quite well with experimental results. Ac- 
cording to the calculations, icing reduces peak pro- 
peller efficiencies about 5%—which compares with 
the measured reduction of 3%—in the representative 
operating range. 

But ice may cause the propeller to stall prema- 
turely, the calculations indicate, with a resulting 
large loss in efficiency. In the range of advance 
ratio corresponding to steep climb, an iced propeller 
might operate in a stalled condition that would re- 
duce propeller efficiency 15%. 
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Fig. 3—Comparison of envelope propeller efficiencies to show effect of 
icing 
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Fig. 4—Envelope curves of calculated propeller efficiency 
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Fig. 5—Comparison of envelope curves of propeller efficiency for idealized setup 


The alternative to propeller ice accretions is pro- 
peller deicing or anti-icing. Keeping ice from the 
blades by ducting heated air through hollow metal 
blades—and the other ice-removal or prevention 
schemes of electrically heated boots and dissolution 
by antifreeze fed by slinger ring and boots—entails 
some loss of propeller efficiency. 

For heated-air anti-icing, air is ducted from the 
free stream, heated either in a heat exchanger or 
by direct combustion, and passed through a gland 
into the rotating propeller. The internal flow heats 
the blades as it flows radially outward. Finally it is 
discarded through nozzles at the blade tips into the 
propeller slipstream. 

An idealized heated-air anti-icing setup, was used 
first to study propeller efficiency losses attributable 
to the presence of blade tip openings and to internal 
flow. The air was not heated, and there were no 
rotating seals or heat exchangers. The propeller 
was tested first as a normal propeller with no tip 
openings and with the air inlet sealed. Then open- 
ings were cut in the blade tips and the tests repeated 
with the air inlet still sealed. A third series of tests 
was made with the air inlet open and the air flowing 


internally through the propeller. Each configura- 
tion was tested at eight values of blade angle. 

Fig. 5 compares the envelope efficiencies obtained 
with the three configurations. For the unaltered 
propeller, the efficiency level for normal operation 
was above 80% and peaked at about 84%. When 
openings were made in the blade tips and the pro- 
peller tested without internal airflow, the efficiency 
loss due to the presence of the tip openings was 
found to be about 1.5% at the lower values of ad- 
vance ratio and about 0.5% at high values. Internal 
airfiow produced a further decrease in efficiency. 
A comparison of the top and bottom curves in Fig. 5 
shows that the overall efficiency loss varied from 
about 3% at low values of advance ratio to 0.5% 
at an advance ratio of 3.0. 

The two obvious sources of aerodynamic loss en- 
tailed in this system are the loss due to the drag 
increase of the propeller blade tip sections caused 
by the presence of the air exit nozzle and the 105s 
due to friction and turbulance in the internal flow. 

The experimental investigation and subsequent 
analysis showed that size of the blade tip openings 
should be no larger than the mass flow demands 
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Fig. 6—Internal airflow system of wind-tunnel test setup 








and that the internal flow system should be made 
as clean aerodynamically as possible to preserve 
propeller efficiency. 

Still other series of tests were run with a complete 
heated-air anti-icing setup to determine the effect 
of heating the flow. Fig. 6 shows the principal com- 
ponents of the test setup. The apparatus was ar- 
ranged to measure only the aerodynamic effects of 
the heated-air system on propeller efficiency. Tip 
openings were much smaller than those used for the 
earlier idealized investigation. 

Again the propeller was first tested without tip 
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openings. Then the openings were made and the 
tests repeated with internal airflow, but no heating. 
Finally tests with heated airflow were run. For 
those, air temperature was 285 F at the heater exit 
and 250 F at the propeller blade shanks. 

Fig. 7 shows the results of the tests. Efficiency 
level for the normal propeller, which differed from 
the one used for the idealized tests, exceeded 90% 
over most of its operating range and reached a 
maximum of 92%. Operation with internal airflow 
—either heated or not—reduced efficiency only 
about 1% over most of the operating range. 


Fig. 7—Effect of internal flow on envelope efficiency 
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WORK (IN—LBS.) = P(LBS./IN2)x V(IN3) 
WORK (IN.—LBS.) = D(INS) x F(LBS.) 
FxD=PxV OR F=V/DxP 


TOTAL THRUST (LBS) = F=1/2x0iS% x MEP 
aes SWEPT CYL. VOLUME PER INCH 


OF CAR TRAVEL. 


Fig. 1—How engine work is related to car travel 





(This paper will be printed in full in SAE Quarterly 
Transactions) 


AINS from the several ways of increasing car miles 
per gallon can be evaluated comparatively. Po- 
tential fuel saving yielded by each design change 
(overdrive, decreased wind resistance, reduced car 
weight, increased compression ratio, supercharger, 
and ideal automatic transmission) is judged by 
determining the resistance to be overcome in rotat- 
ing the engine and in propelling the car. 
To make such comparisons, a method first must be 
set up to estimate work done by the fuel. 
Fig. 1 diagrams an engine and vehicle. A certain 
gas pressure in the cylinder, P in psi, will push the 
piston down through a volume V in cu in. This 


* Paper “Sorne Factors in Gasoline Economy,” was presented at SAE 
Annual Meeting, Detroit, Jan. 12, 1948. (This paper is available in full 
in multilithographed form from SAE Special Publications Department. 
Price: 25¢ to members, 50¢ to nonmembers.) 


moves the car forward a distance of 1 in with a force 
of F lb. Then: 


PV=FD 





Disp. 
F=\% i x imep (1) 


where: 


Disp. = Displacement or swept volume of the cylin- 
der, cu in. 


imep = average gas pressure in the cylinder during 
the working stroke 

As average gas pressure in the cylinder produces 
the force both for rotating the engine and propelling 
the car, it can be considered to be made up of these 
two parts: (1) part required to rotate the engine, 
called friction mean effective pressure—fmep, and 
(2) portion to propel the car, called vehicle mean 
effective pressure—vmep. 

Since the force due to cylinder is as expressed in 
equation (1), then: 


Vehicle Resistance 
vmep = — Disp. (2) 
Vo 


in. 

Under acceleration conditions, the force required 
to accelerate the vehicle at wide-open throttle is the 
difference between the total pressure in the cylinder 
(imep) and the sum of pressures required to rotate 
the engine and propel the car. Expression for miles 
per gallon is obtained by dividing the number of 
foot pounds of work possible to obtain from a gallon 
of gasoline (85,900,000 ft lb x thermal efficiency /100) 
by the number of foot pounds required to rotate the 
engine and propel the vehicle one mile. 





thermal efficiency 





85,900,000 x 100 
—= Disp. 18 
5280 x 14 mile (fmep + vmep) 
thermal effici 
mpg = 325 x perma eMcleney =) 
mile (fmep — vmep) 


To get comparative estimates of the effect of 
design changes on mpg, characteristics of a refer- 
ence car were selected and effect of the particular 
design change on the reference car’s performance 
was estimated. 

When effect of changes in vehicle weight on engine 
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EXCERPTS FROM PAPER* BY W S James 


Vice-President in Charge of Engineering 
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Fig. 4—Graphical computation of miles per gallon for the reference car 
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output were evaluated, corresponding changes in 
axle ratio and engine size were made to give the 
same accelerating and hill-climbing ability. Per- 
formance was readjusted to a preselected standard 
because, as is well recognized, the public will not ac- 
cept a reduction in car ability. 

Essential characteristics of the reference car are 
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Fig. 5—Performance of the reference car with a 0.72 to 1 overdrive 
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Fig. 6—Graphical computation of miles per gallon with the overdrive 





given in Table 1 and its performance—hill ability 
and mpg—in Fig. 2. Fig. 3 gives engine character- 
istics (imep, road-load fmep and full-throttle fmep 
as well as vmep). These data are not from any ex- 
isting car, but rather representative of typical cars. 
The logarithmic plotting used permits much of the 
computation to be done graphically and equal dis- 
tances represent equal percentage changes. Rela- 
tive gains or losses can be easily evaluated. 

In Fig. 3 the second curve from the top represents 
engine imep. Maximum possible imep with 100% 
volumetric efficiency, at 100 F and 29 in. hg, is shown 
on the top line. Vertical distance between these two 
curves is proportional to the percentage loss in volu- 
metric and combustion efficiency. 

The fmep at both wide-open throttle and road 
load are shown in the second and third curves from 
the bottom. Cylinder pressure to overcome vmep 
is given in the bottom curve. Also shown are fmep 
plus vmep. 

Hill ability or available high gear acceleration will 
be proportional to the numerical difference between 
the imep and the sum of vmep plus fmep (at wide- 
open throttle). From these differences were ob- 
tained the negotiable grades in Fig. 2. Intersection 
of the imep curve and the curve for sum of vmep and 
fmep, in Fig. 3, indicates top car speed. The bottom 
horizontal scale gives the relation between car speed 
and engine speed. 
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Fig. 7—Comparison of both hill ability and miles per gallon with an¢ 
without the overdrive 
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Fact that cost of gasoline is about one-third 
the cost of motoring points up the importance 
of increasing the miles per gallon of cars. 
With 38 billion gal of gasoline consumed an- 
nually in this country, even slight improve- 
ments in fuel economy can yield sizable dollar 
savings to the motoring public, the author 
says. 

For example, a 1% gain in miles per gallon 
in every car would accrue a $90 million saving, 
or yield a mileage increase of 534 billion car 
miles. With these figures as a base, import 





Economics of Gasoline Mileage 


of the following estimated losses are easy to 
visualize: Synthetic tires decrease miles per 
gallon by 5 to 6%, and neglecting to maintain 
proper tire pressures costs car owners 2 to 3% 
in miles per gallon. 

If engineers could boost fuel economy of 
cars 5% through fuel-saving design features, 
they would save motorists a total of $450 mil- 
lion, assuming gasoline costs 24¢ per gal. But 
additional cost of the fuel-economizing device 
or method to the car owner must not exceed 
the fuel saving realized. 








Ideal and presently possible mpg, as obtained from 
the expression in equation (3), are graphically 
solved in Fig. 4. This chart relates graphically the 
several factors involved so that effect of changes can 
be grasped quickly. 

Here is how Fig. 4 was plotted: 

The line for the constant 325 was located at the 
proper point. Using it as a base, required points for 
thermal efficiency were plotted. Since ideal thermal 
efficiency is independent of speed, it is represented 
by a horizontal line 42.2 above the 325 line on a 
logarithmic scale. (Theoretical thermal efficiency 
of this engine is 42.2%.) Thus points are located 
to represent the product of 325 and the thermal 
efficiency under consideration when read on the 
scale at left of Fig. 4. 

Values of disp./in. (10.46) times the imep and 
disp./in. times the sum of road-load fmep plus vmep 
are plotted on the same scale as the 325. The verti- 


cal distance between corresponding points on the 
imep curve and the wide-open throttle thermal 
efficiency curve, when read on a logarithmic scale, 
will be the mpg because the distance between these 
two values will represent the result of dividing 325 
times thermal efficiency by the factor disp. /in. x 
(fmep + vmep). 

Values obtained from this manipulation are shown 
in Fig. 2. Vertical scale of Fig. 2, showing percent 
grade and mpg, is logarithmic to make easy com- 
parisons of changes on a percentage basis. 

With a basis for comparison established, it is now 
possible to give several examples of the method of 
estimating the effect of design changes on mpg. 


Overdrive Gain Evaluated 


Let us examine the effect of a 0.72 to 1 overdrive. 
All points on the imep and fmep curves, in Fig. 5, 


Table 1—Characteristics of the Reference Car 


Weight 
Shipping 3150 
Road Equipment 150 
Passengers & Baggage 400 


Total 3700 lb weight=115 lb mass 


Vehicle Resistance 


Frontal area 28 sq ft 


Wind Resistance 


Coefficient 0.00178 


Rolling Resistance 
Total Resistance (lb) 


Arle Ratio 
Tire Size 

Rolling Radius 

Wheel Revolutions per Mile 
Engine Rpm @ 10 mph 
Engine 

Displacement 


Compression Ratio 
Displacement per inch of 
Vehicle Travel 
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9.5 lb per 1000 lb weight 
0.00178 x 28V? + 0.6V + 35 = 0.05V? + 0.6V + 35 


4.06 


6.00 x 16 
13.6 
740 


500 


220 cu in. 
6.5 


10.46 
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Fig. 8—Effect of lowering the reference car's wind resistance by re- 
ducing both frontal area and wind-resistance coefficient 
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Fig. 10—Gains in hill ability and miles per gallon from lowering wind 
resistance of the reference car 
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Fig. 9—Graphical computation of mpg resulting from lowered wind 
resistance 


will move a distance of 1/0.72 or 1.39 logarithmic 
units (39%) to the right and all points on the vmep 
curve will move upward 1.39 units. The imep points 
move because engine speed for a given car speed is 
reduced 39%. The vmep points move upward 39% 
because engine displacement per inch of car move- 
ment has been decreased 39%, so that correspond- 
ingly more cylinder pressure is required to propel 
the car. 

Light dotted curves show the original values for 
the reference car; heavier solid lines, those of the 
same car with the design modification (addition of 
an overdrive unit). 

Decrease in the difference between imep and the 
sum of vmep plus fmep (road load) reduces hill 
ability and acceleration when in overdrive gear. 
Fig. 7 shows this loss in hill ability. Fig. 6 shows 
graphical computations for effect of lower engine 
speed on mpg. Here it is shown that although the 
value for the sum of fmep plus vmep has increased, 
the gain is less than the decrease in disp./in. There- 
fore road-load economy increases, as shown in Fig. 7. 

If the overdrive ratio is cut out when the throttle 
is fully opened, as is usually the case, there will be 
no change in full-throttle mpg. Although effect of a 
0.72 overdrive ratio on mpg at full throttle is not 
shown, it amounts to about 35% increase in the ideal 
and a 30% increase in the present mpg. 

Effect of an overdrive on mpg is the reverse of that 
using second and low gear. In second gear, there is 
an increase in displacement per inch rather than 4 
decrease, and the two lower curves in Fig. 6 would be 
above those of the reference car rather than below, 
as with overdrive. The vertical distance of these 
curves below those for thermal efficiency would 2 


SAE JOURNAL 























id 


lic 
ep 
its 


fe- 


hat 
e is 
na 
| be 
ow, 
ese 


NAL 












































| | | 
sete ae - $88 
{/MEP - 1DEAL__ 6.5 _COMP_ RAT/ a - § 
{ THERM. EF: mare +h F 160 
4 r 140 
“| MEP ~< - 120 
] F ae 
/ E 
] / C 
0 2 - 60 
4 r 
2 - v4 - 40 
| VMEP +FMER L 
ly ROAD LOAG a 
S VMEP +F ME. 
2 26 4. ee | 20 
~ \FMEP (RL) 
& | 
. MEP (WOT. 
| 
4 VMEP ENGINE RPM. 7 
° oe » ° 90 r 
4 °o °o °o °o oO o oO . 
” ° » oO o os 6 
4 = - ww o ¢¢ x 
ie ee 4 | j ee 1 28 5 
| : Fey baer 
° ° oo oo ° 
= a m ¢ o @®0 
CAR SPEED-MPH 
Fig. 11—Effect of reducing car weight 15% to permit use of a 


smaller engine 


decreased and mpg reduced by somewhat more than 
50%, if the second gear ratio were about 1.5 to 1. 


Savings by Lowering Wind Resistance 


Curves on reduced wind resistance, Figs. 8, 9, and 
10, are self evident. A 25% reduction in the product 
of frontal area and wind-resistance coefficient was 
assumed. This is possible if the frontal area is 
reduced from 28 to 25 sq ft, and the wind coefficient 
from 0.00178 to 0.0015. In this case, Fig. 8, there is 
no change in imep or in engine friction (fmep) at 
either road load or full load, but only a reduction in 
mep required to propel the car (vmep). 

This change is reflected in the reduction of the 
product disp./in. times the sum of vmep plus fmep, 
Fig. 9, and a corresponding increase in the vertical 
distance between this curve and those for thermal 
efficiency shown at the top of Fig. 9. This vertical 
distance is the graphical solution of the algebraic 
equation (3) for miles per gallon. 

Estimated results of this design change are given 
in Fig. 10. There is a gain in both hill ability and 
miles per gallon, which increases from nothing at 
low speeds to about 15% at the higher speeds. 


Cutting Car Weight 


When a smaller engine is used to compensate for a 
decrease in car weight to maintain the same hill 
ability and acceleration, the miles per gallon are 
increased, as shown in Fig. 13. Because there is a 
change only in engine size and none in axle ratio, 
there is no change in imep and fmep. But vmep 
decreases because of a reduction in rolling resistance 
; the result of lowering total weight—as shown in 

=) * 
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Fig. 12—Graphical computation of miles per gallon resulting from a 
smaller engine and 15% car weight reduction 
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Fig. 13—The 15% car weight reduction yields the miles per gallon 
and hill ability shown 
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14—Effect of boosting compression from 6.5 to 12 to 
permits reduction in engine size 
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Fig. 15—Graphical computation of miles per gallon resulting from the 
compression ratio change 





Table 2—Summary of Estimates of Increased Miles per Gallon by Various Means 
Design Modifications 


Ideal 
Road 
Load 
Overdrive +20% 
Lower Wind Resistance + 9% 
Weight Reduction (15%) 
Smaller Engine +17% 
Axle Ratio Change +12% 
12 to 1 Compression Ratio 
Smaller Engine +33% 
Axle Ratio Change +40% 
Supercharging 
Smaller Engine +17% 
Axle Ratio Change +24% 
Automatic Transmission +48% 


Smaller Engine 
10 to 1 Compression Ratio +25% 
8 to 1 Compression Ratio +12% 


Item 
Reduction of Heat Loss and Incomplete 
Combustion 
More Accurate Carburetor Metering 
Fewer Traffic Stops 


Maximum Present Possible 
Wide-Open Road Wide-Open 
Throttle Load Throttle 
+37-0% +13% +26-0% 
0% + 8% 0% 
+15% +16% +16% 
+13% +10% +12% 
+22% +30% +17% 
424% +36% +18% 
0% +17% 0% 
- 5% +17% -12% 
0% +37% 0% 
Estimated 
+16% +22% +12% 
+ 8% +11% + 6% 
Other Means 
Range Approximate Average 
10 to 40% 15% 
5 to 10% 15% 
10 to 25% 20% 
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Fig. 16—Hill ability and .miles per gallon of the smaller engine with 
the 12 to 1 compression ratio 


Reduction in displacement per inch of car travel 
moves the two lower curves in Fig. 12 down, which 
increases the vertical distance between them and 
the upper curves for thermal efficiency. This in- 
dicates an increase in mpg, as shown in Fig.13. Ac- 
cording to Figs. 11 and 12, obviously the major part 
of the mpg gain is due to the reduction in engine 
displacement per inch rather than the reduction in 
rolling resistance. 

Estimate of the result of making the next design 
change—increasing compression ratio from 6.5 to 
12 to 1—is shown in Fig. 16 and the graphical com- 
putation given in Figs. 14 and 15. 

In Fig. 14, imep was increased about 23% from the 
higher compression ratio and fmep, at both road 
load and full load, increased about 2%. The vmep 
was increased 23% because this was the reduction in 
engine size necessary to give no change in accelera- 
tion. Therefore, a corresponding increase in cylin- 
der pressure was necesary to give about the same hill 
ability and level-road acceleration. Fig. 15 shows 
the graphical solution of mpg. 

The 23% increase in thermal efficiency due to the 
higher compression ratio is shown at the top of the 
chart. Reduction in the product of disp./in. and 

Imep+vmep) gives the increase in mpg shown in 
Fig. 16. Wide-open throttle thrust force (disp./in. x 
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~imep) does not change because engine size (disp./ 


in.) was decreased 23% when the higher compres- 
sion ratio boosted imep 23%. 

Effect of other design changes on mpg were esti- 
mated in a similar manner. Results of these design 
changes as well as several other items affecting mpg 
are given in Table 2. This table shows that there is 
more than one method for increasing miles per gal- 
lon by significant amounts. Selection of any one of 
these or other methods will depend on many factors 

. Specific car or engine under consideration, 
manufacturing costs, tooling charges, operational 
simplicity, and fuel availability. 

Automotive engineers are familiar with all these 
paths to greater miles per gallon. When overall 
compromises indicate desirability of their use, these 
methods will be adopted and the American public 
will get more and more miles for its motoring dollar. 


Car Body Interiors 
Cont. from p. 39 


Already some progress has been made in this di- 
rection. One new car has individual front seats with 
backs folding horizontal to provide emergency beds. 

A next logical step will be to try to pivot the right 


. front seat out of the way entirely so as to provide 


easier access to the rear of the 2-door sedan. 


Door Problem Complex 


. . . And that brings us to doors—one of our most 
important and most complex problems in interiors. 

Our problem on doors is to design our 4-door 
sedans for easy access within the standard 8-ft ga- 
rage, while retaining the price advantage of the 
2-door. . . . It’s quite a problem. . . . I’m only pos- 
ing it; not offering a solution. 

We have experimented with the principle of slid- 
ing doors, but there isn’t sufficient room to accom- 
modate them. The folding door idea and various 
other improvisations are a wide open challenge to 
the designer. 

Where we will be five or ten years from now I do 
not presume to know. Up to this time we have 
worked mostly on exteriors. I feel that that job is 
largely done. We have achieved the low silhouette 
and we have wiped off exterior gadgets and angles 
so that we have streamlining—the swift passage of 
the eye from front to rear—without embellishment. 

The interior is the new challenge. We now have 
room to move around, to do things, free of the fixed 
limits which exterior design previously imposed. 
How well we do our job will be determined by how 
successful we are in carrying the atmosphere of the 
living room .. . its informality and flexibility ... 
into the carinterior. For the American family ranks 
its car just after the home in relative importance, 
and if we follow the accepted precedent of the one, 
we are sure to be right on the other. 
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British Columbia Group—March 3 
and April 7 


March 3—Hotel Georgia, Vancouver; 
dinner 6:30 p.m. 32 Alundum—A new 
Concept in the Field of Abrasives—C. 
W. Fell, sales manager, Norton Co. of 
Canada, Ltd., Hamilton. 

April 7—Hotel Georgia, Vancouver; 
dinner 6:30 p.m. Application of Dyna- 
mometer—E. L. Cline, manager, Dyna- 
mometer Division, Clayton Mfg. Co., 
El Monte, Calif. 


Canadian—April 1 


Hotel Royal York—Roof Garden, 
Toronto; dinner 7:00 p.m. My Friend 
the Engine—Stanwood W. Sparrow, 
vice-president in charge of engineer- 
ing, Studebaker Corp., South Bend, 
Ind., and president, SAE. 


re __ NATIONAL MEETINGS @ 1949 


MEETING 


PASSENGER CAR, BODY, and PRODUCTION 


TRANSPORTATION 


AERONAUTIC and AIR TRANSPORT 
and AIRCRAFT Engineering Display 


SUMMER 


WEST COAST 
TRACTOR 


AERONAUTIC and AIRCRAFT 
Engineering Display 


DIESEL ENGINE 
FUELS & LUBRICANTS 


ANNUAL MEETING and 
Engineering Display 





Central Illinois—March 28 


Hotel Jefferson, Peoria, Ill.; dinner 
6:30 p.m. Relation Between Labora- 
tory and Service Failures—R. E. Peter- 
son. Chairman: Mark Clements, serv- 
ice manager, Caterpillar Tractor Co. 


Chicago—March 8 and March 21 


March 8—Hotel Knickerbocker; din- 
ner 6:45 p.m. Meeting 8:00 p.m. Eco- 
nomics of Decentralized versus Cen- 
tralized Truck Operations — Joseph 
Husson, automotive manager, Con- 
sumers Co., Chicago, Ill. Social Half- 
hour 6:15 to 6:45 p.m. sponsored by In- 
ternational Harvester Co. 


South Bend Division—March 21 

Hotel LaSalle, South Bend, Ind.; din- 
ner 6:45 p.m. Meeting 8:00 p.m. Sym- 
posium on Laboratory Control of Pro- 


DATE 
March 8-10 
March 28-30 
April 11-14 


June 5-10 


Aug. 15-17 
Sept. 13-15 
Oct. 5-8 


Nov. 1-2 
Nov. 3-4 


@ 1950 
Jan. 9-13 
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duction Materials at Studebaker— 
Speakers: William J. Harris, chief 
metallurgist, Studebaker Corp. (leader 
of panel); H. A. McChesney, assistant 
chief metallurgist; J. A. Baumgardner, 
lubrication engineer and R. D. Wysong, 
plant chemist. 


Cincinnati—March 28 


Hamilton, Ohio; visit plant of 
the Fisher Body Division of Genera] 
Motors Plant. (Visit limited to 100 
members who must complete tour be- 
tween 6:00 and 8:00 p.m.) Dinner fol- 
lowing tour 8:30 p.m. 


Detroit—March 28 


Large Auditorium, Rackham Educa- 
tional Memorial Building. Dinner 
meeting. Dinner speakers: Students 
from Schools in Detroit Section Area. 
Technical Session: Stimulating Origi- 
nal Thinking in Young Engineers— 
Frank C. Mock, Bendix Products Di- 
vision, Bendix Aviation Corp. Interest- 
ing movie to be shown. 


Kansas City—March 8 


Location to be announced; dinner 
6:30 p.m. Performance of Today’s Au- 
tomobile Fuels and Lubricants—H. R. 
Kemmenov, Shell Oil Co., Wood River, 
Til. 


Metropolitan—March 10 and March 17 


March 10—McGraw-Hill Auditorium, 
330 W. 42nd St. Meeting 7:45 p.m. 
Joint meeting with Institute of Aero- 
nautical Sciences and Met Section, 
SAE. Cockpit Standardization—Com. 


Continued on p. 90 
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How Lightning 


Damages Planes 


paper by 
M. M. NEWMAN 


Lightning & Transients 
Research Institute 


IGHTNING can damage parts of the 

airplane despite the inherently safe 
path for lightning currents around oc- 
cupants and interior equipment formed 
by the aircraft’s metal surface. 

A recent direct record of a lightning 
stroke, recording its multiple discharge 
character, is presented by a pitted and 
burned propeller, shown in A. This 
propeller intercepted the lightning dis- 
charge channel within the cloud. The 
airplane was an all-metal twin-engine 
transport traveling at a normal cruis- 
ing speed of 190 mph at 11,000 ft. 

The photograph was retouched for 
clarity to show the pit marks and the 
probable discharge path. The light- 
ning channel was drawn in a probable 
position at the completion of the dis- 
charge process. The channel is drawn 
out circumferentially by the last reced- 
ing propeller-blade contact point. 

In another case, the airplane was 
struck with one end of the discharge 
channel contacting a tail rudder bar. 
The ionized channel tended to remain 
in line as the airplane moved, so that 
repeated strokes hit the same place on 
the rudder bar. As B shows, the rud- 
der strut was almost burned in half. 
Heat from the discharge contact on one 
side of the strut was enough to melt 
the opposite side and collapse it in- 
ward. 

In the case illustrated in C, the 
antenna change-over relay contacts 
inside the transmitter unit were burned 
away by lightning current that entered 
along the antenna lead. 

Surge voltage punctured the antenna 
insulator in D when lightning struck 
the antenna. Lightning current fol- 
lowed the antenna lead inside the air- 
plane and flashed to ground inside the 
transmitter antenna change-over relay. 
In this case communications failed; in 


B. Lightning-burned rudder strut 
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other cases, where the 
grounding path was 
completed outside the 
equipment, the radio 
equipment was set afire. 

Other hazards to the 
aircraft from lightning 
are: (1) freezing of hinges in the 
ailerons if improperly bonded; (2) 
burning of holes in seaplane floats; 
(3) explosion of trailing antenna as- 
semblies inside the ship; (4) induced 
voltage causing failure of electrical 
equipment; (5) effect of fused skin in 
the case of integral wing tanks; and 
(6) possible explosion from internal 
sparkover on wiring, igniting gasoline 
mixture. (Paper “Lightning Effects on 
Aircraft,” was presented at SAE Na- 
tional Aeronautic and Air Transport 
Meeting, New York, April 14, 1948. 
This paper is available in full in multi- 
lithographed form from SAE Special 
Publications Department. Price: 25¢ 
to members, 50¢ to nonmembers.) 


A. Propeller pitted 
and burned by light- 
ning 


C. Lightning-damaged transmitter 
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Cutting Vapor Lock 
In Small Airplanes 


Based on paper by 
R. A. COIT 
L. M. WHITNEY 
F. G. BOLLO 
and A. G. CATTANEO 


Shell Development Co 


ROM a vapor lock standpoint, the 

gravity feed system of light aircraft 
can be much improved in two ways. 
But nothing short of redesign or pres- 
surizing can make the diaphragm fuel 
pump vapor-lock-proof. 

Two ways of bettering the gravity 
feed system are: (1) reducing the 25 to 
35F fuel temperature rise between the 
tank and fuel line near the engine, 
and (2) keeping the pressure drop from 
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D. Antenna insulator punctured by surge 
voltage due to lightning 

















tank to carburetor bowl as low as 
possible. 

This means that the fuel line must 
be kept as far as possible from heat 
sources and should be shielded from 
direct radiation from the exhaust pipe. 
Cooling air heated by the engine should 
be deflected away from the fuel system 
and a direct blast of unheated air sub- 
stituted. The fuel system should be as 
short as practicable, have no high spots 
where vapor may be trapped, and have 
large enough radii of curvature. 

In a properly designed and installed 
system of this kind, no vapor lock will 
occur with aviation gasoline under any 
condition. But automotive gasoline 
would be unsafe in such a system under 
any but the milder temperature and 
altitude conditions. 


Fuel System Pressurized 


The problem can be solved in mili- 
tary aircraft where even a 7-psi Rvp 
fuel would vapor lock under the much 
more extreme conditions of larger fuel- 
system pressure drop and greater al- 
titude and temperature extremes. It 
can be done by using centrifugal pumps 
submerged in the fuel tank, which keep 
the fuel system under a pressure 10 to 
15 psi higher than the atmosphere. 

By virtue of their design, these 
pumps centrifuge out the vapors and 
discharge only liquid fuel. They pre- 
sent no cooling problem since they 
operate in the coolest part of the sys- 
tem. 

A similar pump recently has been in- 
troduced for automotive applications. 
In a pressurized system of this type 
even automotive fuels could be used in 
light aircraft without danger of vapor 
lock under any operating conditions. 

But since diaphragm-type fuel 
pumps are coming into use for light 
aircraft, their vapor-lock performance 
is of interest. This fuel pump vapor 
locks at a temperature considerably 
lower than the fuel line or carburetor 
bowl. For this reason it is the most 
critical part of the system. 

With a fuel temperature rise of 20F, 
the pump may vapor lock at sea level 
for any ground temperature above 105F 
on 7-psi Rvp aviation fuel. Reducing 
the fuel temperature rise to 10F would 
boost the altitude limit to 2000 ft 
under the same condition. 


New Design Possibilities 


It seems likely that with the new 
multivalve heads and other pump im- 
provements the vapor-locking limits of 
the diaphragm-type pump could be 
extended—possibly enough to match 
the performance of the fuel line and 
carburetor bowl. 

Merely enlarging the pump or in- 
creasing the vapor-handling capacity 
in other ways will help a little; but 
these cannot be considered final solu- 
tions since the vapor volume, once the 
fuel starts to boil, increases two to five 


times within a further temperature 
rise of only 5F. (Paper “Light Aircraft 
Vapor Lock Problems,” was presented 
at SAE Northern California Section, 
San Francisco, June 23, 1948. This 
paper is available in full in multilitho- 
graphed form from SAE Special Pub- 
lications Department. Price: 25¢ to 
members, 50¢ to nonmembers.) 


CAA Engine OK Speeded 
By Follow-Up from Start 


Based on paper by 


GAYLORD W. NEWTON 
Boeing Airplane Co. 


AA certification of aircraft engine in- 

Stallations can be made a less in- 
volved procedure by proper presenta- 
tion of the design in its initial stages. 
Particular emphasis should be given 
items getting most attention from CAA 
personnel due to service and accident 
experience. 


CAA Liaison Urged 


Modern aircraft powerplants are suf- 
ficiently complicated so that over a year 
is required for their design and con- 
struction, and another year for testing 
and approval. To reduce possibility of 
certification delays, an early presenta- 
tion should be made to Civil Aero- 
nautics Administration engineers as- 
signed to the project. 

It is very effective to discuss early 
layouts and to make use of mock-ups 
of critical parts and of the entire in- 
Stallation. Such an educational pro- 
gram gives the government a back- 
ground to permit early approvals of 
portions of the installation. 


Early Planning 


One thing hard to get is definite as- 
surance of approval of important de- 
sign decisions. Often a basic para- 
meter, such as firewall design, will 
depend on CAA decision. It’s impor- 
tant to get a firm approval; change at 
a later date may upset the airplane’s 
building schedule. 

A powerplant lends itself to break- 
down into systems and specific prob- 
lems for presentation. A letter, draw- 
ings, and diagrams can be submitted 
to CAA for approval. This material 
should contain all the pertinent facts 
so that a decision can be made. By this 
means it is possible to review most 
controversial items in time to make 
design changes where necessary. 

Here are some things to keep in 
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mind on specific items of the power- 
plant installation: 


1. Engines—Early analysis of the 
aircraft design needs permits selection, 
of proper conditions under which the 
engine type test will be run. In this 
way the final CAA type inspection 
authorization can contain the required 
values. Another important point is to 
make sure the engine is equipped with 
as many final accessories as possible 
during its type test. 


2. Propellers—The aircraft builder 
should be assured of complete coordina- 
tion between propeller and engine 
manufacturers. Vibration tests and 
limitations are paramount. 


3. Fuel System—Principal problem 
with fuel system certification is de- 
termination of unusable fuel. Recent 
accidents point up fuel vent installa- 
tions. Using the color fluid discharge 
from the vent demonstrates whether 
the discharge constitutes a hazard. 


4. Oil System—oOne of the biggest 
obstacles in getting oil system approval 
is properly fireproofing the oil shutoff 
valve and its control if located forward 
of the fire wall. It calls for extensive 
testing of the complete oil tank and 
valve setup; usually electrical parts and 
seals as well as heat transfer charac- 
teristics of the assembly are involved. 


5. Exhaust System—Care must be 
taken that shrouds are tight enough to 
conduct possible leakage of inflam- 
mable fluids away from the exhaust. 
In some cases it has been done with 
seamless shrouds, continuous. weld 
joints on shrouds, and double shrouds. 


6. Cowling—Fire tests have shown 
pockets in the cowling that are un- 
drained create a serious hazard. Ade- 
quate drain holes should be provided 
early in the design. 


7. Fire Prevention—Basic fire ex- 
tinguishing systems are well outlined 
in requirements and interpretations. 
But zones in which they are installed 
are subject to special interpretations. 
Also the next year or two will see con- 
siderable testing and coordination with 
CAA to get satisfactory criteria for ap- 
proval of fire and smoke detectors. 


8. Flight Tests—An outline of pro- 
posed flight tests should be forwarded 
to CAA as soon as the manufacturer 
formulates his flight testing plans. 
Most important powerplant flight test 
for certification is the cooling test. 
Cowl flap angles to be used during per- 
formance demonstrations must be 
carefully determined during engine 
cooling tests. (Paper “Powerplant 
Problems of CAA Certification,” was 
presented at SAE National Aeronautic 
Meeting, Los Angeles, Oct. 9, 1948. 
This paper is available in full in multi- 
lithographed form from SAE Special 
Publications Department. Price: 25 
to members, 50¢ to nonmembers.) 


SAE JOURNAL 








nae aS 


St 


ff 
rd 
ve 
id 
ad 
C- 
od. 


m- 
st. 
ith 
eld 
ds. 


wo 
un- 
de- 
ded 


ned 
ons. 
led 
ons. 
con- 
with 
7 ap- 


pro- 
rded 
turer 
lans. 
, test 

test. 
; per- 


ngine 
plant 
J was 
autic 

1948. 
nulti- 
pecial 
: 256 


URNAL 








Man as a Machine 


General Motors Corp. 


oe engineers we all have a fairly 
accurate knowledge of the nu- 
merical value of the various units 
of work, energy, heat, and force. 
Personally, I am almost perfect in 
this respect since all the important 
units and their values are shown 
in neat tables on the back of my 
slide rule. But I always have had 
difficulty in getting a satisfactory 
physical concept of these units. 

How big is an erg? What sort 
of a stream is a flow of 10 amp? 
How many Btu’s in a tea kettle? 
And entropy! Whenever I see the 
word entropy I think of what hap- 
pens when a snake swallows its 
own tail. A mathematician evi- 
dently got to wondering about that 
too and added another snake loop 
through the first one and called 
the result enthalpy. 

I’m confused. 

Let’s consider horsepower. 

It has been stated that a good 
healthy man has an 8-hr rating 
of about 4% hp. This is equivalent 
to carrying 396 bags of cement up 
a 100-ft hill in 8 hr, or a 6-v 
battery discharging at a rate of 32 
amp, or a 200-watt lamp, or the 
total heat of 1/3 pint of fuel oil. 

Recently I bought a small gar- 
den tractor. The fuel tank holds 
about 1 qt. In previous years I 
hoed the garden by hand and it 
took all the energy I had left each 
evening and week end to wage a 
losing hand-to-hand battle with 
the weeds. 

That 1 qt of gasoline in the 150 
lb of iron in the tractor is a better 
man than I ever hoped to be. I 
have doubled the size of the gar- 
den. I can now afford a bench at 
one end of the garden. And I have 
time to sit and enjoy the clean, 
orderly rows. If doing nothing is 
a measuring stick, then I have im- 
proved my standard of living. 

One gallon of fuel oil used in a 
diesel engine equals eight men 
working for 8 hr, or about 2¢ per 
man per day for fuel. Liquid hy- 
drocarbons are the most concen- 
trated form of power now avail- 
able. It is particularly fortunate 
for the transportation industry 
that two-thirds of the fuel, oxygen, 
already is distributed free in the 
air to every point on the earth. 





xcerpts from a talk by F. G. SHOEMAKER 


Detroit Diesel Engine Division 
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In contrast, the fuel for man 
runs as high as $1 per lb for solid 
fuel and $6 per 4/5 qt for liquid 
fuel. As an engine, man weighs 
about 700 lb per hp. It is easy 
to see that manpower is highly 
expensive. 

Despite the high cost of man- 
power, it does not follow that man 
is an unimportant part of the 
transportation machine. On the 
contrary, he is unquestionably a 
most perfect machine, as indi- 
cated by his general specifications. 


1. Complete, self-contained, com- 
pletely enclosed powerplant. 

2. Available in a variety of sizes. 

3. Reproducible in quantity. 

4. Long life. 

5. Life-time guarantee. 

6. All major components in 
duplicate. 

7. Weatherproof. 

8. Amphibious. 

9. Runs a wide range of solid or 
liquid carbohydrate fuels. 

10. Thermostatically - controlled 
temperature. 

11. Circulating fluid heat. 

12. Evaporative cooling. 

13. Sealed lubricated bearings. 

14. Audio and optical direction 
and range finder. 

15. Sound and sight recording. 

16. Audio and visual communi- 
cation. 


17. Equipped with brain con- 
trols. 


It is this last item—brain con- 
trol—that makes man a unique 
machine and is his most impor- 
tant function in power transporta- 
tion. 

Application of this brain power 
by engineers in the transportation 
industry makes it possible to co- 
ordinate movement of the fuel, 
powerplant, and vehicle together 
with the payload. When the ve- 
hicle can carry more payload than 
that required to cover total oper- 
ating cost of the complete vehicle, 
the fleet operator realizes a profit. 
Common objective of the trans- 
portation business and its allied 
industries is more payload. (Din- 
ner talk ““More Power to You,” was 
presented at SAE National West 
Coast Meeting, San Francisco, Aug. 
20, 1948.) 
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Airline Troubles Laid 
To Revenue Disparity 


Based on paper by 


W. L. McMILLEN* 


American Airlines, inc 


IAGNOSIS of the airlines’ economic 

ills reveals that the real cure lies 
on the income side rather than the 
cost phase of operations. Airlines 
operate in a competitive atmosphere, 
yet regulation deprives them of nor- 
mal competitive weapons. 

Despite severe inflation during the 
postwar period, airline costs have held 
their own and even moved downward. 
Cost per available ton-mile flown by 
American Airlines for the 12 months 
preceding July 1, 1946 was 33.7¢; for 
the 12 months preceding July 1, 1948, 
30.9¢; and it was less than 26¢ in July, 
1948. 

The increase in fares has decreased 
the breakeven passenger load factor 
even more. For the 12 months pre- 
ceding July 1, 1946, the figure was 
82.7%; for the one-year period prior 
to July 1, 1948, it was 71.5%, and for 
July, 1948, between 56 and 57%. 

Real progress has been, and is being, 
made on the cost side by other air- 
lines too. Let us look on the revenue 
side of the picture. Here we find the 
Civil Aeronautics Board has permitted 
and encouraged too much competition. 
Revenue is divided into such small 
slices among so many that there is 
not enough for any one airline to meet 
even lower cost units. 

A company accepting a certificate 
under the public .utility concept of a 
regulated industry gives up many 
privileges, which are important in con- 
trolling its destiny and insuring profits. 
But in return it is supposed to get free- 
dom from excessive competition. The 
airlines have paid the price, but 
haven’t received the benefits. 

For example, route duplication upon 
route duplication has been authorized. 
Three or four airlines are flying daily 
between cities where traffic can sup- 
port only two, if they use larger and 
more economical equipment. Use of 
obsolete equipment boosts costs so that 
profits are wiped out, even with a good 
load factor. But not one of them can 
maintain a good load factor on an an- 
nual basis. 

Competition among certificated car- 
riers is only part of the story. Many 
hundreds of nonscheduled competitors 
have purchased war surplus airplanes 
at bargain-basement prices. Many 
have kept their books on a cash rather 
than accrual basis and have little idea 
of their costs. Most have failed. The 
several passenger carriers, illegally 
operating on a scheduled basis, cut into 





* Opinions expressed are those of the author 
and do not represent the attitude or position of 
American Airlines, Inc. 











the limited revenue pot and further re- 
duce that available for regular airlines. 

First step on the road back is to stop 
certificating more airlines. Airline 
mergers that cut the number of car- 
riers between cities where there are 
now too many should be permitted and 
even encouraged. Rate and fare struc- 
tures should be revised to make each 
type of traffic bear its fair share of 
the cost. 

Palliatives of high subsidy, increased 
fares, and government loans should be 
used only where financial soundness 
of the carrier is attainable in months, 
not years. (Paper “Some Economic 
Problems of the Air Transport Indus- 
try,” was presented at the SAE Na- 
tional Aeronautics Meeting, Los Ange- 
les, Oct. 7, 1948. This paper is available 
in full in multilithographed form from 
SAE Special Publications Department. 
Price: 25¢ to members, 50¢ to non- 
members.) 





Curves “a” through “g” are for en- 
gines under constant conditions of 
slight overload; curves “h” through 
“1,” for constant fast idling. A and B 
are direct-injection engines; C and D, 
precombustion-chamber engines; E, F, 
and G, swirl-chamber engines. Bound- 
aries of regions of nearly constant 
smoke density coincide, as a rule, with 
the curves of constant fuel consump- 
tion; otherwise, they have been sepa- 
rated by dotted curves. Twenty dif- 
ferent fuels were used in these tests. 
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Lack Yardsticks for Phenomena 
To Explain Diesel Combustion 


Based on paper by 


J. J. BROEZE 
and C. STILLEBROER 


Delft Laboratory, 
Royal Dutch Shell 


ORECASTING diesel fuel behavior 

is an impossibility without knowing 
a great deal more than we do about the 
actual mechanism of mixture forma- 
tion in the particular engine under 
test. But as yet, our knowledge of 
complex diesel combustion problems 
are largely qualitative rather than 
quantitative. 

On the fuel side we know that if 
more heat units have been introduced 
during the delay period, due to higher 
volumetric heat content or less pump 
leakage, chances are that ensuing knock 
will be heavier. But viscosity, con- 
nected with volatility, also affects 
spray formation and dispersion. 

For example, we have experienced 
various cases where a more volatile 
fuel (despite its lower viscosity and 
specific gravity giving lower injection 
rate in heat units per degree), would 
knock worse for a given delay because 
of its more completely vaporized state 
at ignition start. Yet we have found 
cases where a more volatile fuel 
knocked less—probably because this 
more volatile fuel evaporated so quickly 
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that vapors concentrated locally and 
formed an over-rich mixture. 

Certainly it is impossible to rate 
fuels according to the way they be- 
have in the second combustion phase 
since their behavior in different en- 
gines may conflict. 

Factors exerting predominant infiu- 
ence in later combustion phases are 
air movement, spray formation and 
dispersion, fuel volatility, and wall 
temperature. Since these phases can- 
not be discerned as such on the indi- 
cator card, we must turn to combus- 
tion as a whole. What interests us 
here are products of complete combus- 
tion and combustion efficiency. 

Briefly and simplified, this is the 
situation: 

Under-penetration causing local 
over-richness tends to produce soot. 
Over-penetration, wetting relatively 
cold walls, forms aldehydes and blue 
vapors. More generally, soot stems 
from lack of air; aldehydes, from 
chilled combustion. 

Conducive to  under-penetration 
from the fuel side are high volatility 
(low viscosity) and high cetane num- 
ber. The reverse properties are con- 
ducive to over-penetration. Yet over 
and under-penetration are closely con- 
nected with design as well as load, 
speed, and temperature. Since the en- 
tire preparation and combustion proc- 


v Fig. 1—Curves of constant fuel consumption (by weight) and 
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is extremely heterogeneous, both 
s may even occur together. In 
hn a case, if it is not due to overload 

1d the injector is working properly, 
en is obviously bad. 

“Complicated nature of these com- 
ned effects is shown by graphs we 
nlotted (Fig. 1) from fuel consumption 
and smoke observations, on several 
high-speed diesel engines running on 
widely different fuels. Observations 
were made under fast-idling conditions 
and under slight overload. Of course 
under intermediate loads the results 
are more equalized and differences 
hardly show up. Data have been 
plotted as lines of constant fuel con- 
sumption on bases of volatility (which 
correlates sufficiently well with vis- 
cosity for this purpose) and cetane 
number. 

While explanation of these 12 charts 
is too detailed, some important features 
do stand out. For example, under 
fast-idling conditions, the general 
tendency for fuels of high octane num- 
ber is to show an advantage as to con- 
sumption. Smoke is more dependent 
on volatility. There is a certain corre- 
lation between this blue smoke—some- 
times thickening into grayish white— 
and aldehyde smell. 

It is clear that under overload con- 
ditions there is no correlation between 
different engines. Each produces a 
rather distinct pattern, showing that 
for each engine one certain set of fuel 
properties produces optimum condi- 
tions. But optimum fuel properties 
are all over the map if different en- 
gines are compared. 
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Choosing the most suitable fuel for 
an engine demands consideration of 
starting, knock, and idling; this calls 
for a compromise on power perform- 
ance. Here again if we knew quanti- 
tatively more about combustion, we 
would not build an engine that needs 
some certain fuel for an acceptable 
compromise and is penalized perform- 
ancewise. 

Apparently the diesel engine, unlike 
the gasoline powerplant, does not de- 
pend on a definite fuel property for its 
performance. In fact it would be quite 
feasible to develop a combustion sys- 
tem for any fuel in particular, giving 
peak power production on that par- 
ticular fuel. Variations in perform- 
ance obtained in such way on fuels 
that differ within reasonable limits 
would amount to a few percent. But 
even on a given engine, without mak- 
ing any adjustment, difference remains 
within about 10%. 

At peak power most of the air will 
be burned. Much greater gain in 
power can be realized by supplying 
more air to the engine than by choice 
of fuel—with no limit set on the fuel, 
provided combustion chamber condi- 
tions are readjusted. 

The sometimes disappointing results 
of supercharging diesel engines also 
may be read off some of the charts in 
Fig. 1. 

Performance drop for an increase in 
cetane number may point to under- 
penetration—at least in direct-injec- 
tion engines. In such a case super- 
charging would aggravate the condi- 
tion and we would not get a rise in 


power proportional to the air supply 
increase. 

In some cases the disappointment 
was traced to an overloaded injection 
system, producing after-injections at 
high fuel loads. But generally engine 
sensitivity to fuel properties will de- 
crease with supercharging, which 
makes this way of increasing perform- 
ance still more attractive. 

More quantitative facts about diesel 
combustion will come by systematically 
trying out fuels of various cetane num- 
ber and volatility on different engine 
types. After relating engine design, 
fuel properties, and resulting perform- 
ance, next step would be to bring per- 
formance in line experimentally with 
knock, idling, acceieration, and starting 
requirements on the same fuel grade 
for all engines. 

The search for an extra-performance 
fuel—equivalent to high-octane gaso- 
line—is entirely out of place in the 
diesel engine field. The limit is set 
by quantity of air, not by any fuel 
property. Nor does a fuel property 
like “combustion quality” exist; results 
depend predominantly on design. For 
this reason ultimate choice of a uni- 
versal fuel grade is relatively free 
from combustion and performance 
considerations. (Paper “Fuels for 
Automotive and Railroad Diesel En- 
gines,” was presented at the SAE Na- 
tional Tractor and Diesel Engine 
Meeting, Milwaukee, Sept. 7, 1948. 
This paper is available in full in multi- 
lithographed form from SAE Special 
Publications Department. Price: 25¢ 
to members, 50¢ to nonmembers.) 
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Examines Economics 
of Diesel Tractor 


Excerpts from paper by 
H. F. BRYAN 


International Harvester Co 


XTENT of diesel power’s economic 

advantage over the gasoline engine 
for farm tractors depends largely on 
the price differential between the two 
fuels and the number of hours per 
year the farmer uses his tractor. 

A natural advantage enjoyed by the 
diesel engine is that while the farmer 
purchases his fuel by the gallon, the 
engine consumes it by the pound. 
Since diesel fuels are about 1242% to 
15% heavier than gasoline and contain 
more heat units per gallon, the pur- 
chaser of heavy fuel actually gets more 
power for his money. But a disad- 
vantage of the diesel is its higher 
initial cost. 

To compare the two, let us analyze 
costs with two tractors—one gasoline 
and the other diesel—each operating 
on a farm with 360 acres under cul- 
tivation. Each farm is laid out as 
follows: corn, 120 acres; soybeans, 40 
acres; small grain, 100 acres; hay, 60 
acres; and pasture, 40 acres. 

Each tractor is assumed to be per- 
forming the same operations. Table 1 
shows these operations, as well as the 
average hours required for each per 
year; percent of brake horsepower of 
the engine required to perform the 
operation; and the relationship be- 
tween the amount of gasoline and diesel 
fuel consumed to perform the opera- 
tions. 

Total time required to perform all 
the specified operations is 972 hr. 
Average power demand is 50.4% of 
the engine’s total brake horsepower. 
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Fig. 1—Relationship between fixed charges and fuel cost of diesel and 
gasoline engines for tractor operation 


Average yearly fuel consumption of the 
diesel engine is 73.1% that of the 
gasoline engine. 

It is interesting to note the ratio of 
diesel to gasoline consumption shows 
a definite reduction on the lighter 
loads. This is characteristic of the 
diesel engine. 

To determine the net difference in 
fuel costs between the two operations, 
the following tank wagon delivery 
prices for two fuels without tax have 
been applied. These prices were cur- 


Table 1—Comparison of Yearly Fuel Consumption of Gasoline 


and Diesel Tractors 








Percent of 
: eee Gasoline Fuel 
Operation Hours Consumption 
Gasoline Diesel Diesel 
Plowing 228.50 75.0% 79.0% 75.6% 
Discing 100.00 67.1 69.9 72.9 
Planting 60.00 47.6 50.0 71.0 
Harrowing 13.50 68.5 72.0 74.0 
Rotary Hoe 45.50 31.1 32.7 67.50 
Cultivating 180.00 37.6 39.9 68.60 
Drill & Harrow 20.50 715 75.1 74.5 
Mowing 16.75 26.8 28.3 66.6 
Raking 16.75 26.8 28.3 66.6 
Baling 26.00 26.0 27.4 65.3 
Threshing Grain 50.50 43.6 30.9 66.4 
Harvesting Ensilage 18.25 712.8 76.5 74.1 
Corn Picking 45.50 67.2 70.7 73.7 
Threshing Beans 20.25 43.6 31.0 66.6 
Manure Spreader 
and Hauling 80.00 16.9 17.7 65.5 
Feed Grinding 50.00 712 75.0 76.3 
66 


rent in Iowa, Illinois, and Kansas in 
March, 1948. : 

@ Gasoline—regular 70-74 octane. 
Price per gallon was: Iowa, 18.6¢; Il- 
linois, 18.8¢; Kansas, 17.1¢. 

@ Diesel Fuel—house brand. Price 
per gallon was: Iowa, 13.0¢; Illinois, 
13.3¢; Kansas, 11.8¢. 

When these fuel prices are applied to 
the data in Table 1, it is found that the 
fuel cost of the diesel engine for the 
year’s operations is only 53% of gaso- 
line engine fuel cost. If reduction in 
fuel cost was the only consideration 
for farm tractor operation, the diesel 
engine would dominate the field. 

But this is not the case—there is a 
debit side to the ledger. The diesel 
engine costs more to build because of 
high-priced component units and it 
also lacks the cost reduction advantage 
of large mass production. The fixed 
charges—such as depreciation, interest 
insurance, and taxes—are higher for 
this reason. And because of costlier 
parts and accessories, maintenance 
charges are greater. 

Price of the diesel-equipped Farmall 
is about $656 higher than the gasoline 
unit. Experience with these tractors 
indicates a life expectancy of at least 
10 years. Therefore, with a complete 
write-off within this period, deprecia- 
tion of the diesel-powered tractor will 
be $65.60 per year greater than the 
gasoline unit. 

Because of the higher initial cost, 
interest on investment, taxes, and 
insurance is correspondingly higher 
and will approximate $35.68 per year 
more than the gasoline unit. Estimates 
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ion 


. ine total repair and maintenance 
cosis for the life period based on service 

ds for 3500 to 5000 hr of opera- 
‘ion show the yearly maintenance 
cost of the diesel unit may be slightly 

‘her than the gasoline unit. 

when all charges are added, it is 
found that the total yearly fixed 
charges for the diesel unit will be about 
¢121.63 per year greater than the gaso- 
line unit charges, based on the year’s 
operation shown in Table 1. Average 
yearly fuel cost of the gasoline unit will 
be $365 and for the diesel, $193—a fuel 
cost saving of $172. This deducted 
from the fixed charges yields a net 
saving of $50.37. 

It is evident from these data that 
higher initial cost with higher fixed 
charges will constitute a major handi- 
cap to the diesel engine unless low cost 
fuel is available, or the tractor is used 
a large number of hours per year. 

Relationship between the estimated 
and fixed charges and cost of the two 
tractors is shown in Fig. 1. 


Break-Even Point 


In this chart line A-A intersects the 
left-hand vertical ordinate at the dif- 
ference between the fixed charges of 
the two tractors. Curves 1, 2, and 3 
are based on the hourly savings with 
the three fuel price combinations on an 
operation, as shown in Table 1. Slope 
of these curves shows the hourly rate 
of saving in fuel cost; they intersect 
line A-A at the number of hours per 
year the diesel engine must operate to 
absorb the difference in yearly fixed 
charges through savings in fuel costs. 

In other words, the number of hours 
will show a net saving over the gaso- 
line engine. 

With the fuel price combination in 
Iowa and Illinois as shown, the diesel 
will yield a saving after 666 hr; but 
with the Kansas price combination, 
730 hr of operation will be required. 
Obviously any reduction in the differ- 
ence between the price of gasoline and 
diesel fuel will increase the number of 
hours of operation before the fixed- 
charge difference is absorbed. 

Remember that these figures are 
based on performance of gasoline trac- 
tor engines, which give outstanding 
fuel economy. As engine size is in- 
creased, fuel consumption of the diesel 
engine becomes even more favorable 
and fixed charges relatively less. 

Although the larger tractor presents 
a brighter picture for the diesel engine, 
many MD Farmalls in operation are 
Saving money for their owners. (Paper 
“The Adaptability and Economics of 
the Diesel-Powered Farm Tractor for 
Small and Moderate Size Farms,” was 
presented at the SAE Oklahoma A & M 
Student Branch, Stillwater, April 22, 
1948. This paper is available in full 
in multilithographed form from 
SAE Special Publications Department. 
Price: 25¢ to members, 50¢ to non- 
members.) 
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SAE National 


Transportation Meeting 


Hotel Statler 
Cleveland, Ohio 


MONDAY, March 28 


10:00 a.m. 
O. W. SMITH, Chairman 


Comparing Fundamentals of Spring Sus- 
pensions 
—N. E. HENDRICKSON, Consulting En- 
gineer, Laguna Beach, California 
Assisted by MURRAY FAHNESTOCK, 
Ford Field Magazine 
(Sponsored by Transportation and Main- 
tenance Activity) 


2:00 p.m. 

M. B. RATH, Chairman 
Recent Developments in the Magnetic 
Fluid Clutch 


—JACOB RABINOW, National Bureau 
of Standards 


The lecture will be illustrated with demon- 
strations both on the clutch and the fluid 


(Sponsored by Truck and Bus Activity) 


TUESDAY, March 29 


9:30 a.m. 
G. H. SCRAGG, Chairman 


The World’s Largest Field Dynamometer— 
Its Design and Instrumentation 
Sixty-Ton Truck Design 
—GEORGE BRUMBAUGH, Peterbilt 
Motors Co. 
(formerly with Knuckey Truck Co. Inc.) 


March 28-30 


One-Thousand-Horsepower Electric Drive 
Equipment 
—Jj. E. WILSON, General Electric Co.. 
Erie Works 


Instrumentation of Field Dynamometer 
—H. L. CLARK, General Engineering 
and Consulting Laboratory, General 
Electric Co. 


(Sponsored by Truck and Bus Activity) 
2:00 p.m. 
W. G. PIWONKA, Chairman 


Commercial Trailer Selection 
—J. J. BLACK, Trailmobile Co. 


(Sponsored by Transportation and Main- 
tenance Activity) 


WEDNESDAY, March 30 


9:30 a.m. 
P. B. ROCKWOOD, Chairman 


Modern Engine Testing Equipment 
—M. E. NUTTILA, Cities Service Oil 
Co. 


(Sponsored by Transportation and Main- 
tenance Activity) 


2:00 p.m. 
R. S. HUXTABLE, Chairman 


Trend in Heavy-Duty Brake Developments 
—C. §. RICKER, American Machinist 


(Sponsored by Truck and Bus Activity) 





DINNER 


6:30 p.m. TUESDAY 


Welcome—Norman Hoertz, Chairman, SAE Cleveland Section 


Donald C. Hyde, | oastmaster 


S. W. Sparrow, SAE President 


The Berlin Air Lift 


Rear Admiral John P. Whitney, Vice-Commander 
Military Air Transport Service 
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Truck Design Sets 
Three-Point Goal 


Based on paper by 
E. S. ROSS 
Peterbilt Motors Co. 


UTOMOTIVE engineers must design 

trucks satisfying needs of the fleet 
operator, mechanic, and driver. 

For the fleet operator: 

The truck must carry the maximum 
load within state laws. 
For the mechanic: 

Accessibility for maintenance is 
paramount. 
For the driver: 

Comfort must be provided. 

Achieving the first objective together 
with good weight distribution in the 
face of widely-varying state require- 
ments is a seemingly simple, but actu- 
ally tough, problem. 

First it must be realized that the 
tractor will be allowed to carry only 
that portion of the gross load which 
its wheelbase length will allow. On 
this point state laws vary; some use a 
formula for the gross weight of a unit. 
This formula—L plus 40 times a con- 
stant—is based on the wheelbase L 
feet long plus a constant 40 times an- 
other constant. This second constant 
varies from state to state, ranging from 
670 in West Virginia to 800 in Arizona. 

Other states have a table of weights 
which is based on a similar formula. 

In addition to satisfying legal re- 
quirements, the design must make 
maintenance easy. If the mechanic 
must spend long hours changing a 
fuel pump or transmission, both oper- 
ator and mechanic won’t like it. Rev- 
enue-producing time is wasted in 
repair and the job taxes the mechanic’s 
patience. 

Designers constantly must be on 
their toes to provide easy maintenance. 
He can use such things as quick dis- 
connector blocks between the chassis 
wiring harness and cab harness to 
facilitate removal of the cab. The way 
he positions lube oil and fuel filters 
and fastens the floor boards also can 
increase accessibility for maintenance. 

Third goal for the truck engineer to 
shoot for is driver comfort. <A driver 
not aggravated by tantalizing little 
things will get the truck over the road, 
take care of equipment, and be satisfied 
with his job. 

Emphasis must be placed on the 
size of cab, visibility, ventilation and 
heating, ease of steering, and seat size, 
shape and action. All go into making 
up driver comfort and satisfaction. 
(Paper “Problems of the Automotive 
Engineer,” was presented at the 
Fresno Division of the SAE Northern 
California Section, Sept. 13, 1948. This 
paper is available in full in multi- 
lithographed form from SAE Special 
Publications Department. Price: 25¢ 
to members, 50¢ to nonmembers.) 
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FIGS. 1 to 4—Though both look alike, the copper-lead bearing failure in Fig. 1 was caused by 
fatigue, the one in Fig. 3 by corrosion. Micro-examination of these bearings (by cutting out the 
sections outlined in white) shows up the differences. Micrograph of the fatigue failure in 
Fig. 2, enlarging the section 150 times, reveals that a crack has progressed along the light gray 
lead stringers parallel to the steel back. The lead is uncorroded even on the exposed bearing 
surface. Top shows bearing surface; center, cross-section; and bottom, junction of bearing 
metal to steel back. (Copper is white and the lead pearl gray.) 

Micrograph of the corrosion failure, Fig. 4, shows the gray lead has been removed quite 
uniformly from the upper third of the bearing thickness, leaving a partially broken mass of 
compacted copper crystals. Presence of gray lead all the way out to the bearing surface, as in 
Fig. 2, is always positive evidence that no corrosion has occurred—provided the cross-section 

covers a complete transverse bearing section through the area of greatest load. 


Based on paper by 


J. M. STOKELY 


California Research Corp 


(This paper will be printed in full in 
SAE Quarterly Transactions) 


BJECTIVE analysis rather than 

preconceived notions will disclose 
quickly causes of bearing failures in 
the field. 

This is the four-step procedure 
recommended for investigating bear- 
ing failures in the field: 

1. Carefully examine bearings for 
signs of cracks after cleaning in gaso- 
line or light solvent and flex gently. 
If cracks are present, solvent will be 
forced out of them and the cracks will 
be clearly outlined on the bearing sur- 
face. Presence of cracks indicates 
that failure is probably influenced 
considerably by fatigue. 
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How to Diagnose 


2. Abrasion is evident from scratches 
or imbedded material. Pry out im- 
bedded particles and test with a mag- 
net. Magnetic particles are iron and 
steel; nonmagnetic ones may be dis- 
lodged bearing material, failed bronze 
gear parts, or filler material from 4 
broken filter. Check the filter for 
unusual deposits or leakage of filter 
material. 

3. Check all factors that might con- 
tribute to over-heating, mechanical, 
or corrosion failures. 

4. Determine whether similar fail- 
ures have occurred in this fleet or 
other similar ones. Check with local 
service representatives of the engines 
involved. 

Failures of copper-lead bearings are 
the most troublesome to diagnose. 
The average observer finds difficul' 
in differentiating between corrosion 
and fatigue failures in these bearings. 

For example, the typical copper-leed 
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Bearing Failures 


fatigue failure in Fig. 1 looks a lot 
like the typical corrosion failure with 
such bearings, in Fig. 3. Micrographs 
in Figs. 2 and 4 of these bearings 
readily distinguish one from the other. 

When a metallographic examination 
can be obtained, the entire bearing 
set should be submitted, even though 
only part of the bearings are dam- 
aged. Many decisions can be made 
from a complete bearing set that are 
not possible with only one or two of 
the worst bearings. 

Reason for this is that corrosion 
generally affects all bearings, while 
fatigue or overheating may be limited 
to one or two. Submitting only a 
Single bearing leaves the laboratory 
investigator guessing at the exact con- 
dition of the rest of the set. 

By the same token it is important 
to submit an adequate sample of the 


used oil and a sample of the fresh oil. 
Many deductions can be made from 
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special analyses of these samples to 
aid in determining cause of failures. 

Fleet men will save themselves 
trouble by remembering that the best 
time to prevent further bearing fail- 
ures is in the field—as soon as failures 
are found. Ideal time to check all 
factors causing corrosion or fatigue 
failures is while the engine is still torn 
down. Correcting the cause at that 
time may prevent future failures. 

Leaping to hasty conclusions that 
either the bearing metal or the oil is 
at fault obscures the real cause. Even 
with inferior oils, abnormal operating 
conditions contribute to failure. 
(Paper “Engine Bearing Failures,” 
was presented at SAE National West 
Coast Meeting, San Francisco, Aug. 18, 
1948. This paper is available in full 
in multilithographed form from SAE 
Special Publications Department. 
Price: 25¢ to members, 50¢ to non- 
members.) 
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PB-10 Automatic Pilot 
Suited to Airline Needs 


Excerpts from paper by 
P. A. NOXON 


Eclipse-Pioneer Division 
Bendix Aviation Corp 


The PB-10 meets requirements of an 
autopilot for commercial aircraft—it’s 
safe, provides adequate performance, 
is easy to maintain, adaptable to any 
commercial airplane, and flexible in 
design. 

Take the first item, safety. Toward 
this end a series signal circuit is em- 
ployed. In addition there is a grid 
biasing arrangement which, in effect, 
constantly checks the d-c continuity of 
the signal circuit by allowing a small 
amount of d-c to flow. 

If an open appears anywhere in 
the circuit, the first two grids have a 
high negative bias applied to them, ef- 
fectively preventing any signal from 
reaching the servo. The bias on the 
discriminator—mag amp stage is such 
that, at quiescence, little current flows 
in either mag amp control coil. This 
means that a mag amp open will pro- 
duce a one-sided control, or at the 
most a weak adverse signal and not a 
hard over. 

In addition, the heater circuits of 
the various tubes are so arranged that 
a burn out of one kills the whole 
channel. 

The next point is performance. No 
adequate yardstick has been developed 
for this illusive matter. But it ap- 
pears logical that for passenger com- 
fort one should seek to limit the ac- 
celerations felt by, the passenger as a 
result of gusts. If we consider the ef- 
fect of a gust on an airplane to con- 
sist of a sine wave, or portion of a sine 
wave, it is obvious that for a given de- 
parture from datum the higher the fre- 
quency, the higher the acceleration felt 
by the passenger. 

In the PB-10 we seek to confine the 
frequency band at which disturbances 
occur to that defined by the normal 
control constants of the automatic 
pilot-airplane loop; and it has been our 
observation by recording automatic 
flight that this is actually accomplished 
practically. While curves so obtained 
show a fortuitous mixture of waves 
of different amplitude and phase, as 
far as can be observed, the result of a 
single gust is a portion of a sine wave 
having a frequency in the predicted 
band at an amplitude depending upon 
energy in the gust. Such high fre- 
quencies aS appear apparently occur 
in the structural region and are nor- 
mally of extremely low amplitude. For 
good performance we do require a high 
sensitivity. 

There is another aspect to perform- 
ance which concerns both safety and 
comfort. That is the use of a rate 
signalin yaw. Practically all airplanes 
are under-damped in yaw; and most 











modern airplanes, in addition, have re- 
latively high rolling moments with yaw. 
These two factors produce a tendency 
to wallow. This the rate signal (which 
in effect greatly increases yaw damping 
of the airplane) inhibits; so normally 
there is no observable tendency for the 
airplane to wallow while on automatic 
control in rough air. This is greatly 
appreciated by the passengers in the 
rear seats. 

Last item involved in performance is 
maneuverability. This feature the PB- 
10 provides by means of the controller 
through which a coordinated turn of 
the airplane can be effected by turn- 
ing the pistol grip controller handle. 

It is possible to make good coordi- 
nated turns over a wide range of air- 
speeds with a given adjustment. In 
addition, the airplane may be maneu- 
vered in pitch and trimmed in bank by 
knobs provided for that purpose. 


Simple Maintenance 


Next requirement to be met is ease 
of maintenance. An important factor 
is the use of a simple circuit design, 
if possible—one that readily can be 
understood by the average radio tech- 
nician. 

The PB-10 servo amplifier channel is 
fairly straight forward. The only un- 
usual element being perhaps the mag 
amp, which in itself is relatively simple. 
Circuit accessories not shown—such as, 
power supplies, bypass condensers, 
phasing resistors—are familiar to every 
radio service man. The flux gate com- 
pass amplifier is somewhat more com- 
plicated. But this element as part of 
the flux gate system has been on the 
market for several years and presents 
no maintenance hazards to airline 
personnel. 

Use of the magnetic amplifier-induc- 
tion motor servo drive avoids the use 
of commutators and brushes which 
have in the past been a source of some 
difficulty ‘in aircraft electrical equip- 
ment. Trouble from this source is 
therefore avoided; the servo requires 
no maintenance except periodical in- 
spection and relubrication. 

To avoid as many places as possible 
to look for trouble, the PB-10 design 
collects as many things in one package 
as could be managed. Comprising 
this package are the amplifier signal 
generator unit, which contains the 
vertical rate gyros; the flux gate am- 
plifier; the three servo amplifier chan- 
nels; the ratio adjustment; the relays 
used for caging and interlock systems; 
necessary high transformers; and the 
altitude control. The remaining ele- 
ments have either functional or instal- 
lation reasons for being separate. 

Fourth requirement is adaptability. 
It is our practice to match the servo to 
the airplane control surface by the 
choice of the proper pulley or sector 
size. We adjust the torque levels, if 
necessary, by resistors, which are 
placed in series with the motor wind- 
ings. Four potentiometers are provided 


on the amplifier signal channel unit. 
One of these is associated with each 
servo channel. Regulating the value of 
servo follow-up voltage, serves to fix 
the amount of servo travel obtained 
with a given signal to that required for 
the particular surface with which it is 
associated. 

The fourth potentiometer enables 
one to select the amount of rate signal 
to be used in the rudder channel. An 
adjustment plate is provided, which is 
chained to the amplifier rack in which 
the amplifier unit is mounted. Since 
the amplifier will not operate without 
this plate in place, the adjustments, in 
effect, stay with the airplane and allow 
one to interchange signal generator 
and amplifier units freely. 

These expedients have sufficed to 
permit the successful use of the PB-10 
in every airplane so far attempted with- 
out any circuit or mechanical modifica- 
tion of any sort being necessary. 

Last requirement to be met is that 
the system must be flexible. Use of an 
electrical system inherently provides 
a freedom for additions and modifica- 
tions, difficult to approach by any other 
technique. The simple series input 
system of the PB-10 permits insertion 
of external signals in any desired chan- 
nel, without disturbing the rest of the 
equipment or upsetting the adjust- 
ments of the amplifier. 

Since terminals are already for this 
purpose, incorporation of the basic 
PB-10 into a more comprehensive sys- 
tem involving other parameters is a 
relatively simple matter. (Paper “The 
PB-10 Automatic Pilot for Air Trans- 
port,” was presented at SAE National 
Aeronautic and Air Transport Meeting, 
New York, April 15, 1948. This paper 
is available in full in multilithographed 
form from SAE Special Publications 
Department. Price: 25¢ to members, 
50¢ to nonmembers.) 


Enhanced Car Interior 
Demanded of Stylists 


Based on paper by 


HELENE ROTHER 


Rother Design-Styling Studios 


ROUBLE with car styling today is 

that it concentrates on outside ap- 
pearance, neglects the inside. Styl- 
ists should become aware of customer 
desire in interior colors, fabrics, gad- 
gets, and functional accommodations. 

Continued use of drab gray and tan 
interiors controverts American love for 
color. Most women throughout the 
country quizzed on interior color 
desires like red; others responded, 
“deep green with very little silver.” 
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Along with the use of more colors 
our whole conception of fabric tex. 
tures also should change. Maybe the 
fabric women want is a miracle fabric 
because it is not here yet. But aj 
they want is a fabric they can wash 
and clean. 

And if you’re going to sell the 
women, remember that advertising 
has made her gadget-conscious. They 
want everything from outlets for heat- 
ing baby bottles and canned soup to 
umbrella holders and safety belts. 
This problem also involves engineers, 
to determine what a car battery cap 
stand in gadgets. 

Functionally interiors also can stand 
improvement. Ornate instrument 
boards and over-sized buttons and 
complicated ornaments that bruise 
knees and elbows are outdated. 

And while the same car exterior can 
satisfy needs of different people, the 
same interior cannot. For example 
the farmer should have another in- 
terior than the urbanite using his 
car for home-to-office transportation. 
Traveling salesmen and others would 
appreciate something approaching the 
convenience of an office inside their 
cars. Families with lots of children 
require a different interior than a 
single man or woman. 

Making interiors fit people’s needs 
should be the first step toward im- 
proving them. (Paper “Are We Do- 
ing a Good Job in Our Car Interiors?” 
was presented at SAE Detroit Section 
Nov. 15, 1948.) 


Analyze Dynamic Loads — 
In Airplane Structure 


Based on paper by 


E. S. JENKINS 
and C. D. P. PANCU 


Consolidated Vultee Aircraft Corp 


(This paper will be printed in full in 
SAE Quarterly Transactions.) 

AREFUL dynamic load analysis wil 

yield efficient use of structural 
weight. This is evident in larger, faster 
airplanes in both landing and flight, 
where transient vibrations produce 
important stresses. 

If history of exciting forces is known, 
a dynamic analysis is feasible. Meth- 
ods used require careful application t0 
account for complex structural dis- 
tortions successfully. Responses are 
calculated by a classical linearized 
solution. From these the loads are de- 
termined. 

Examples of dynamic loads are the 
bending moments in an airplane hull 


Cont. on p. 90 
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ICAL commirree 
PROGRESS 


Steel Physicals Related 
to As-Quenched Hardness 


NEWLY-PUBLISHED SAE report, Physical Prop- 

erties Influenced by As-Quenched Hardness, goes 
a long way toward settling the controversy among 
metallurgists over the degree of sub-surface hard- 
ening needed to get adequate physical properties 
in a steel part. Prepared by a group of the SAE 
Iron & Steel Technica! Committee, this report pre- 
sents the first published data of this kind which 
show that full as-quenched hardness develops 
greater physical properties. 

Metallurgists are divided into two schools of 
thought as to how far the quench should bite. One 
group believes that part must be hardened all the 
way through (getting complete transformation 
from austenite to martensite) to do the best pos- 
sible job; the other feels lesser amounts of harden- 
ing are adequate. 

Investigations reported in this new publication 
—based on tests with three different kinds of steels 
—tend to support the first group. 

Table 1 gives analyses of these materials. Al- 
though only three steels were tested, they were 
selected with care to provide information applica- 
ble to other steels. Metallurgists consider them 
good choices. 

Test results for these three steels show the ratio 
of yield strength to ultimate strength increases 
with an increase in as-quenched hardness. See 
Fig. 1. This was especially true of the 13T45 steel, 
which shows the greatest increase in ratio of yield 
to ultimate strength. Since design stress almost 
always is based on yield strength values, says the re- 
port, it seems especially desirable to get the full as- 
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| tion of the steels tested. That full as-quenched hardness develops increased yield strength 
| (shaded portion) is particularly significant since this is the value on which design stresses 


| 


usually are based 


quenched hardness of which the steel 
being treated is capable. 

There does not seem to be any signi- 
ficant difference in elongation or re- 
duction of area with respect to a 
change in as-quenched hardness. But 
if any generalization were to be made, 
elongation and reduction of area tend 
toward slightly higher values as as- 
quenched hardness is increased. 


Impact strength also increases as 
the quenched hardness is upped, 
according to the report. Impact 
strengths of the three steels at equal 
hardness values differ considerably. 
Difference in microstructure of the as- 
quenched blanks may partially ex- 
plain this behavior. Photomicrographs 
(of which there are 22 in the report) 
picture this difference in structures of 





Table 1—Analyses of Three Steels Tested 


Heat 
Steel No. Cc Mn P 


Addition 


Ss Si Cr Ni Mo agent 


1345 126405 43 158 .020 .019 31 .05 #=.«j01 01 None 
13T45 126405 43 159 018 .016 45 05 01 01 # Silcaz #3* 
4140 128456 =. 88 023 0032 .27 #4=%88 08 15 =None 


* Silcaz No. 3 added at the rate of 3 lbs. per ton, analysis was: 


B Si Al 
44 39.54 6.60 


Ti Zr Ca 
9.84 7.49 9.68 
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the three grades at equal hardness, 

Analysis of the photomicrographs 
seem to show that a duplex structure— 
composed of high and low transforma- 
tion products—tend more toward brit- 
tle failure than a duplex structure of 
lower bainite and martensite, con- 
stituents formed at relatively low tem- 
peratures. 

Another fact emerging from these 
investigations is that shot peening of 
partially hardened structures cannot 
be relied on to replace complete 
hardening to bolster resistance of steel, 

The investigation on which this re- 
port is based was started in 1944 by the 
Hardenability Subcommittee of the 
SAE War Engineering Board, Iron & 
Steel Technical Committee. At that 
time automotive practice varied widely 
as to the as-quenched hardness needed 
to get optimum physical properties 
after tempering. 

The SAE Performance Requirements 
Committee then was preparing a chart 
showing what steels and various size 
sections satisfying engineering needs 
for various degrees of physical proper- 
ties. Without any data on minimum 
as-quenched hardness requirements, 
metallurgists would have had to rely on 
their own past experience. This proj- 
ect was undertaken to develop factual 
data on as-quenched hardness needs. 

The Report on Physical Properties 
Influenced by As-Quenched Hardness 
(SP-53) is available from the SAE 
Publications Department. Price: $1.00 
to SAE members, $2:00 to nonmembers. 

Members of the Hardenability Sub- 
committee that developed the report 
are: A. L. Boegehold, Research Labora- 
tories Division, GMC, chairman; W. H. 
Graves, Packard Motor Car Co.; E. O. 
Mann, Chevrolet Division, GMC; F. E. 
McCleary, Chrysler Corp.; R. W. Roush, 
Timkin-Detroit Axle Co.; R. B: 
Schenck, Buick Motor Division, GMC: 
E. H. Stilwill, Chrysler Corp.; F. C. 
Young, Ford Motor Co.; H. B. Knowl- 
ton, International Harvester Co.; and 
H. Bornstein, Deere & Co. 


SAE Lighting Standards 
Expanded and Modified 


HREE new lighting specifications and 

modifications of four existing ones, 
developed by the SAE Lighting Com- 
mittee, recently received Technical 
Board approval. 

The new lighting specifications are: 

1. SAE Recommended Practice for 
School Bus Warning Signals. This 
covers electric warning signal systems 
identifying the vehicle as a school bus 
and informing other vehicles on the 
highway that the bus is about to stop, 
or is stopped to take on or discharge 
school children. The signal system ce- 
fined in this specification calls for l- 
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ternately flashing lights (each lamp 
flashing from 60 to 120 times per min), 
two mounted on the rear and two on 
the front of the vehicle. Photometric 
tes's are specified and installation re- 
commendations made. 


SAE Standard for Motorcycle 
and Motor-driven Cycle Headlamps. 
Specified here are photometric values 
selected to give seeing distances called 
for in the Uniform Code. A motor- 
driven cycle is defined by Act V of 
the Uniform Code as every motorcycle, 
including every scooter with a motor 
which produces not more than 5 hp 
and every bicycle with a motor at- 
tached. 


3. SAE Recommended Practice for 
Liquid-Burning Emergency Flares. 
This specification covers weatherproof 
and reliability and life tests for these 
warning devices. The weather tests 
are designed to simulate wind and rain 
conditions. Total burning time speci- 
fied, including 15 min in an air 
stream of 40 mph, is 12 hr. 


The four specifications modified are: 


1. SAE Recommended Practice for 
Direction Signal Lamps. This speci- 
fication now covers two classes of 
signal lamps instead of one for type 1 
units (units which provide their in- 
dication by a combination of flashing 
light and position on the vehicle). 
Photometric tests under this type are 
spelled out for Class A signal lamps 
(for vehicles 80 in. and wider) and for 
Class B lamps (for vehicles less than 
80 in. wide). 


2. SAE Recommended Practice for 
Electric Emergency Lanterns. Modi- 
fications to this specification permit 
the use of the gaseous discharge tube 
type (neon light), which emits a flash- 
ing signal, as well as the incandescent 
type. Both types are for use with flam- 


mables where a pot torch would be 
hazardous. 


3. SAE Standard for Stop Lamps. 
Revision in this case involves eliminat- 
ing the requirement on minimum pro- 
jected luminated area, leaving only 
the candlepower requirement. This 
change was made because these lamps 
no longer carry the word “stop.” 


4. SAE Recommended Practice for 
Back-Up Lamps. The Photometric 
test distance in this specification has 
been reduced from 60 to 15 ft to facili- 
tate laboratory testing. 


Another item approved by the SAE 
Technical Board, publication of general 
information on the industry test speci- 
fication for Sealed Beam headlight- 
ing units in the 1949 SAE Handbook, 
will make this material generally 
available for the first time. This test 
Specification is used by the automobile 
industry for spot checking Sealed 
Beam units in production. 

A new project being undertaken by 
the SAE Lighting Committee is the 
supervision of comparative tests of 
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Technishorts .. . . 


RUBBER SPECS: The numbering system for SAE rubber standards will 
be revised in the 1949 Handbook. Designations are being changed for 
coolant hoses, fuel and oil hoses, brake hoses, windshield wiper hose, na- 
tural rubber cups, and hydraulic brake fluid. 


SPARK ARRESTERS: The SAE Spark and Flame Arrester Subcommittee 
is working out a tentative standard for testing devices to prevent fires 
caused by engine exhaust flame and incandescent particles. The test 
procedure being developed involves the introduction of a given amount of 
battery carbon into the engine. Effectiveness of the arrester will be judged 
by the amount and size of carbon particles escaping the arrester. 


H-BAND STEELS: Standard hardenability bands for 73 steels will be 
published in the 1949 Handbook for the first time. Included are 46 revised 
bands and nine new bands for the following steels: 2330H, 3120H, 3130H, 
3135H, 4053H, 4337H, 4621H, 8653H, and 9310H. H-band steels are now 
standard rather than tentative, as previously designated, as the result of 
recent SAE Technical Board action. Two new steels added to the SAE 
standard list are 1049 and 1086. 


COLUMBIUM SHORTAGE: Substitution of titanium type alloy for 
columbium, growing short in supply and being cut back by allocation 
agencies, was urged at a recent meeting of the SAE AMS Corrosion and 
Heat Resistant Alloys Committee. Titanium type alloy (AISI 321) was 
said to be suitable for applications in the aircraft industry where colum- 
bium type alloy (AISI 347) is being used. It was said that columbium in 
scrap is not recoverable since it is oxidized during remelting. To supply 
a given amount of columbium in a final alloy engine part, about three times 
that amount of virgin metal is required. 


VEHICLE FUSES: The SAE standard for automotive electric fuses is being 
revised by a subcommittee of the SAE Electrical Equipment Committee. 
Among the changes being proposed is the rating of fuses for amperage 
capacity at 32v instead of 25v. Also being contemplated is a larger-dia- 


meter hole for the tubular gage through which the completed fuse must 
pass. 


TRUCK NOISE: Noisy commercial vehicles were traced partly to drivers 
by fleet operators at a recent meeting of the SAE Automotive Traffic Noise 
Subcommittee. According to these reports, drivers like the noise their 
vehicles create and, in some cases where they are not controlled, drivers 
render mufflers inoperative. 


CIGAR LIGHTER STANDARD: Dimensional standards for cigar lighter 
standards and accessory plugs in cars are being worked out by a subcom- 
mittee of the SAE Electrical Equipment Committee. Purpose of such a 


standard is to prevent the plug from damaging the receptacle rather than 
to specify plug performance. 


CARBURETORS: The SAE Engine Committee has organized a subcom- 
mittee to develop carburetor air intake dimensional standards in the light 
of substantial industry interest in the subject. A. H. Winkler, Eclipse 
Machine Division, Bendix Aviation Corp., will chairman the new group. 


TRUCK INSTRUMENTS: The SAE Motorcoach and Motor Truck Com- 
mittee has assigned a subcommittee the job of probing possibilities of rec- 
ommending relative positions for instruments on the instrument board. 
Scope of this project is limited to applications where individual instru- 
ments—not in clusters—are used. 


IGNITION CABLE: In discussing high-temperature-resistant cable for air- 
craft ignition systems at a recent meeting, the SAE Ignition Research 
Committee considered the use of silicones. One type of silicone material 
under development may be used in a temperature range of from - 100F 
to 300F. These temperatures can be applied continuously. Most silicones, 
it was pointed out, can withstand temperatures of 500F for intermittent 
periods. Teflon, another material suitable for ignition cable, was said to 
withstand temperatures 50 to 100F higher than silicones; its main drawback 
appears to be cost. 
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European and American headlamps for 
the Automobile Manufacturers As- 
sociation. These tests are being con- 
ducted in connection with efforts of the 
International Commission on Illumina- 
tion and Technical Committee 22 on 
Automobiles, of the International 
Standards Organization, to achieve 
uniformity of lighting standards of 
various countries. 

Object of these tests is to provide 
comparative data on seeing distances 


with American and European head- 
lamps. Unfortunately, available data 
are not comparable because different 
test procedures were used. The Euro- 
pean practice is to test with the vehicle 
stationary while in this country tests 
are made with the vehicle moving. 
Comparative data obtained from mov- 
ing vehicle tests will be used as a basis 
for the SAE Lighting Committee 
report. 





New CRC Technique 
For Fuel-Knock Tests 


MPROVED method of comparing the 

knock characteristics of aviation 
fuels in the range of 91 octane number 
to 160 lean performance number is 
disclosed in a recently issued report of 
the Coordinating Research Council 
now available. 

The report, “Knocking Character- 
istics of Aviation Fuels: Jan. 21, 1948, 
Revised March 10, 1948,” points out 
that the study of higher antiknock 
fuels will require modifications of the 
present equipment in order to establish 
a more complete evaluation of their 


detonation characteristics. 

Use of a point-by-point comparison 
technique will provide improved re- 
producibility over the F-4 procedure at 
lean mixture, it was pointed out. 

The new technique provides a mea- 
sure of fuel quality at both lean and 
rich mixtures, and gives adequate 
separation of fuels. 

Use of commercial type reference 
fuels whose performance is fully evalu- 
ated in full-scale engines, and whose 
sensitivity characteristics are similar to 
commercial fuels, will provide greater 
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Upham Retires After 20 Years 
As F & L Committee Chairman 


FTER 20 years of distinguished serv- 

ice as chairman of the SAE Fuels 
& Lubricants Committee and of its 
predecessor, the Lubricants Division of 
the former SAE Standards Committee, 
E. W. Upham, Chrysler Corp., retired 
from office at the Jan. 12 meeting of 
the Committee. He is succeeded by 
M. D. Gjerde, Standard Oil Co. of 


Members of the Committee, of the 
Technical Board, and the Society 
joined in an engrossed resolution ex- 
pressing their appreciation for Up- 
He 
will continue to serve on the Committee 
and as a member of its Executive Com- 


Committee Chairman Gjerde was 
vice-chairman of the group. The job 
he vacated is being filled by J. M. 
Campbell, Research Laboratories Divi- 








M. D. Gjerde 
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protection for full-scale engines than 
the use of pure hydrocarbon reference 
fuels, the report says. 

Evaluation of knock quality at two or 
more intake air temperatures provides 
an additional and more direct check op 
fuel sensitivity than previously avail- 
able, it is pointed out. 

The report recommends: 

@ Further work be carried out by 
some other CRC group to determine if 
tests run in a number of engines in 
different laboratories would substanti- 
ate the Panel’s conclusions based on 
the two engines tested, 

@ That the 30 deg overlap camshaft 
be redesigned to give smoother valve 
action, and that hydraulic valve lifters 
be used, and 

@ Consideration be given to the re- 
quirements necessary to insure proper 
evaluation of fuels of the highest anti- 
knock quality. 

The report, which explains the tech- 
niques used in the test program, out- 
lines the proposed research method 
and states conclusions, consists of 38 
pp, 84x11 in., and includes charts 
and drawings. 

Available from the SAE Special Pub- 
lications Department, 29 West 39 
Street, New York 18, N. Y. Ask for 
CRC-228. Price: $2 to SAE members, 
$4 to nonmembers. 


Release New Standards 
For Propeller Shafts 


A series of 10 SAE standards for pro- 

peller shaft ends and adapters for 
low-horsepower aircraft engines re- 
cently was approved by the Technical 
Board. Developed by the SAE Small 
Aircraft Engine Propeller Shaft Com- 
mittee, under Herb Rawdon, Beech 
Aircraft Corp., these standards are: 

1. AS 126A—Propeller Shaft End 
Taper Type— No. 0. This is a revision 
of AS 126, expanded with two more 
drawings to show dimensions more 
clearly. 

2. AS 127A—Propeller Shaft End, 
Flanged Type-—-Nos. 1, 2, 3, and 4. 
This is a revision of AS 127 to which 
the No. 4 propeller shaft end has been 
added. 

3. AS 357—Hub, Wood Propeller, 
Taper Type—No. 0. 

4. AS 359—Nut, Propeller Hub, 
Taper Type—No. 0. 

5. AS 360—Snap Ring, Propeller 
Hub, Taper Type—No. 0. (AS 357, 359, 
and 360 are dimensional standards. 

6. ARP 373—Propeller Shaft Torque 
Ratings. Listed here are recommended 
allowable ratings for propeller shaft 
ends for low-horsepower engines. The 
recommended rating equals rated pro- 


Turn to p. 76 
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Members and guests of the Editorial Subcommittee, of ASA Sectional 
Committee on Standardization of Screw Threads, B1, at its January 
meeting in Detroit, ironed out minor details that lead to approval 


of the revised American Standard for Screw Threads. 
seated, left to right): C. G. Davey, AC Spark Plug Division, GMC; 
W. C. Stewart, American Institute of Bolt, Nut, and Rivet Manu- 
facturers; H. W. Robb, General Electric Co.; F. K. Brown, Con- 
tinental Screw Co.; F. P. Tisch, Phoell Mfg. Co.; |. H. Fullmer, 


They are 


New Tolerance Classes Added 
to American Screw Thread Standard 


PPROVAL last month of a revision in 

the American Standard for Screw 
Threads gives industry new classes of 
tolerances worked out so that threaded 
parts will assemble with an allowance 
or clearance. Additionally, the modi- 
fications carry out recent agreements 
with the British and Canadians on a 
unified and interchangeable screw 
thread practice, as reported in the 
January SAE Journal. This Standard 
is sponsored by SAE and ASME. 

New tolerance classes in the Stand- 
ard are 1A and 1B, 2A and 2B, and 3A 
and 3B (A for the external thread and 
B for the internal thread). A moder- 
ate allowance or clearance is applied 
on Classes 1A and 2A. All classes are 
consistent with each other, being based 
on the tolerance for Class 2A, which 
is derived from a formula. 


Revisions in Standard 


The revised Standard includes these 
SIX new classes in both the Coarse and 
"ine Series; they agree with what the 
British will publish. These pitch and 
class combinations are designated UNC 
and UNF—interpreted in this country 
as Unified National Coarse and Uni- 
fied National Fine, respectively; in 
a in, as Unified Coarse and Unified 

ine 

The UNC and UNF designations 
apply only to threads % to 4 in. in the 
Coarse Series and to threads %4 to 1% 
in. in the Fine Series. 

Numbered sizes and larger diameter 
threads are continued as NC and NF in 
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the Standard. The old Classes 2 and 3 
also are retained in the American 
Standard, as are the numbered sizes 
and special threads. 

The new tolerance classes are an 
outgrowth of automotive interest in a 
thread that eliminates both galling 
and seizure in high-cycle wrenching 
and difficulties with plated parts. 





HE following appointments were 
made by the SAE Technical Board 
at its January meeting in Detroit: 


@ A. G. Herreshoff, Crysler Corp., 
as sponsor of the SAE Automotive 
Drafting Standards Committee, suc- 
ceeding D. G. Roos, whose term on the 
Board expired. 


@ R. E. VanDeventer, Packard Motor 
Car Co., as SAE representative on the 
Inter Society Corrosion Committee, 
of the National Association of Cor- 
rosion Engineers. 


@ O. E. Kirchner, American Airlines, 
Inc., as an additional SAE representa- 
tive on ASA Sectional Committee Z14— 
Drawings and Drafting Room Practice, 
with P. G. Clark, Propeller Division, 
Curtiss-Wright Corp., as alternate. 


@w. I. Rodgers, Jr., ACF-Brill 
Motors Co., to succeed L. H. Smith as 
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Committee Personnel 





National Bureau of Standards, chairman; W. H. Gourlie, Sheffield 
Corp., secretary; F. E. Richardson, Munitions Board; H. Marchant, 
Chrysler Corp.; and P. M. Delzell, Ford Motor Co. 


(Standing, left to right): R. F. Holmes, AC Spark Plug Division, 
GMC; H. R. Cobleigh, and S. A. Tucker, ASME staff; R. S. Burnett, 
SAE staff; P. V. Miller, Taft-Pierce Mfg. Co.; G. M. Aron, Northrop 
Aircraft, Inc.; and W. L. Barth, General Motors Corp. 


The American-British-Canadian ac- 
cord, signed on Nov. 18, 1948, was 
based on these new classes and in- 
cluded agreement on thread angle, 
thread form, and pitch. 

SAE Screw Thread Standards have 
been revised to conform with the re- 
vised American Standard for Screw 
Threads. 





one of SAE’s five representatives on 
ASA Sectional Committee Z26—Speci- 
fications and Methods of Test for 
Safety Glazing Material. 


The Technical Board also confirmed 
the following appointments: 


@ R. W. Roush, Timken-Detroit Axle 
Co., succeeds F. C. Young, Ford Motor 
Co., as chairman of the SAE Iron & 
Steel Technical Committee, (Roush 
was vice-chairman of the Committee 


last year), and M. L. Frey, Allis-Chal- 
mers Mfg. Co., as Committee vice- 
chairman. 


@E. N. Hatch, New York City 
Transit System, as chairman of the 
SAE Transportation and Maintenance 
Technical Committee, succeeding W. 
D. Bixby. 


@ G. J. Dashefsky and E. C. Noonan, 
Navy Bureau of Ships, as liaison mem- 
bers of the SAE Vibration Committee. 








peller shaft torque (in foot-pounds) 
times the cylinder bore (in inches). 

7. ARP 381—Hub, Flanged—Spline 
Type Wood Propeller—No. 10 and No. 
20. 

8. ARP 382—Bushing, Propeller Hub 
—wNo. 10 and No. 20. 

9. ARP 384—Sleeve, Propeller A- 
dapter—No. 10 and No. 20. 

10. ARP 385—Cone, Wood Propeller 
Hub, Rear—No. 10. 

In addition to these standards, 10 
others for aircraft engine and propeller 
utility parts were approved. Included 
in this group were standards for round 
and flat slotted-head screws and for 
engine accessory drive gaskets. 


ISO Hague Meet 
Reported by Hunt 


H. HUNT, General Motors Corp., re- 

» cently reported to the SAE Techni- 
cal Board on the meeting of the Com- 
mittee of Automobiles, of the Interna- 
tional Standards Organization, at The 
Hague, Holland, last October. Desig- 
nated by SAE as American representa- 
tive to the ISO meeting, Hunt advised 
that European delegates were generally 
receptive toward SAE lighting stand- 
ards as a basis for modifying their 


You'll Be Interested to Know ... . 


SAE MEMBERS ARE INVITED to attend the First International 
Aeronautical Industries Meeting in Paris in May. 

Sponsored by the Union Syndicale des Industries Aeronautiques 
(representative body of the French aircraft industries), the meeting 
will have sessions on experimental aerodynamics, strength of ma- 
terials, prototype construction, quantity production, powerplants, 
accessories and equipment, airports, and the human problem in the 


aeronautical industries. 


Andre Charriou is general chairman of the meeting, and it is 
from him that the invitation has come for SAE members to attend. 


DIMITRIUS GERDAN, chief engine engineer, Allison Division, GMC, 
has been named vice-chairman of the SAE Aircraft Powerplant 
Activity Committee for 1949 by Vice-President A. M. Rothrock. 


SAE WILL BE REPRESENTED on the Planning Committee for 
Mechanical Engineering Societies Conference in March by T. L. 


. and at the 19th Annual Safety Con- 
vention and Exposition in New York, March 29-31, by Austin M. Wolf. 


Preble, Tidewater Oil Co. . 


REPORTING AS SAE REPRESENTATIVE to the International 
Automotive Congress held at Turin, Italy, last September, Henry L. 
Brownback writes in part: “SAE President R. J. S. Pigott’s letter of 
good wishes made a profound impression on the assembly both of 
Italian and other European engineers. 
Associazone Tecnica dell’Automobile professed his profound apprecia- 
tion of the letter, of the SAE for having a delegate present, and of 
the American people for the aid given them under ERP—which, he 
said, was permitting Italy to live in the present and to hope for the 


future.” 


national standards, and that SAE pro- 
posals for metric spark-plug threads 
were receiving careful consideration. 

Although the lighting group at the 
meeting drafted a basis for standards 
for the semaphore-type turn indicator 
generally used in Europe, it also ac- 
cepted an alternate based on the SAE 
specification for the flashing-lamp 
type. 

SAE specifications for Sealed Beam 
dimensions also were accepted as a 
basis for “built-in” headlamps. 

Hunt reported that some delegates 
considered logical SAE proposals for 
metric-size spark plugs and favored 
their adoption; but obstacle to this, 
they claim, is the fact that a considera- 
ble number of European engines in 
service cannot receive plugs made to 
maximum proposed SAE dimensions. 
However, the SAE proposal is being 
studied. 

All action taken at the meeting is 
subject to approval by letter ballot. 

Another interesting item emerging 
from the ISO meeting was word that 
the United Nations Organization is 
drawing up a “Code de Route,” cover- 
ing conditions under which vehicles 
would be permitted to tour outside of 
the owner’s country. It is planned 
that the code become an international 
convention under UNO whereby all 
countries will be obligated to permit 
vehicles to tour within their respective 
boundaries, provided the vehicles con- 
form to the code. 





President Bianchi of the 
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SAE National 


Hotel New Yorker 
New York City 
April 11-14, 1949 





Inspection Trip 


On THURSDAY, APRIL 14, at 
9:30 a.m., buses will leave the 
Hotel New Yorker for an inspec- 
tion trip to Wright Aeronautical 
Corp., Wood-Ridge, N. J., and Pro- 
peller Division, Curtiss-Wright 
Corp., Caldwell, N. J. 


(Fare: $2.00 Round Trip) 





MONDAY, April 11 

10: 00 a.m. 

R. L. TEMPLIN, Chairman 

A Review of Problems in the Life 

Evaluation of Airplanes 
—J. M. JACOBSON, Glenn L. 
Martin Co. 

“On-Condition” Maintenance 
—RALPH GEROR, Northwest 
Airlines, Inc. 

Prepared Discussion 

(Sponsored by Aircraft Activity) 


2: 00 p.m. 
JEROME LEDERER, Chairman 


Aircraft Evacuation on Land— 

Equipment, Stowage, and Procedure 
—O. E. KIRCHNER, American 
Airlines, Inc. 

Developments in Search and Rescue 
—LT.-COM. A. W. WUERKER, 
U. S. Coast Guard 
(Sponsored by Air Transport 

Activity) 


8:00 p.m. 
D. J. JORDAN, Chairman 


Nitromethane As a Monopropellant 
—F, ZWICKY and C. C. ROSS, 
Aerojet Engineering Corp. 

Flight Testing the Wright Typhoon 

Turbo-Prop 
—R. R. TEMPLETON and M. P. 
CERVINO, Wright Aeronautical! 
Corp. 

(Sponsored by Aircraft Powerplant 

Activity) 
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Aeronautic & Air Transport Meeting 


and Aircraft Engineering Display 


TUESDAY, April 12 
ALL-DAY PANEL DISCUSSION— 
“Getting the Best Out of Our New Transports” 


General Chairman—WILLIAM LITTLEWOOD, American Airlines, Inc. 


9:30 a.m. 


Chairman—W., E. BEALL, Boeing Aircraft Co. 


Panel Members 
P. C. SCOFIELD 
AiResearch Mfg. Co. 
E. S. GALLAGHER 
General Electric Co. 


Discussing 


Heating, Ventilating, Pressuriza- 
tion and Air Conditioning 


Electrical System 


R. A. BROWN Automatic Equipment 
Minneapolis-Honeywell Regu- 
lator Co. 

JAMES ROBINSON Hydraulic Equipment 
Vickers, Inc. 

J. B. FRANKLIN “Heckler” 


Capital Airlines, Inc. 
(Sponsored by Aircraft Activity) 
2:00 p.m. 


Chairman—R. L. EARLE, Propeller Division, Curtiss-Wright Corp. 


Panel Members Discussing 
P. D. DORAN Engines 
Pratt & Whitney Aircraft En- 
gines, United Aircraft Service 


Corp. 

C. F. BAKER Propellers 
Hamilton Standard Propeller 
Div., United Aircraft Corp. 

H. G. TARTER Carburetors 


Bendix Products Div. 
Bendix Aviation Corp. 
W. V. HANLEY 
Standard Oil Co. of California 
J.G. BORGER Heckler” 
Pan American World Airways 


(Sponsored by Aircraft Powerplant Activity) 


Fuels and Lubricants 


8:00 p.m. 
Chairman—J. C. LESLIE, Pan American World Airways 


Panel Members Discussing 

A. E. RAYMOND Airplane 
Douglas Aircraft Co., Inc. 

R. W. YOUNG Powerplants 
Wright Aeronautical Corp. 

D. E. FRITZ Equipment 
Jack & Heintz Precision Indus- 
tries, Inc. 

CHARLES FROESCH Airlines 
Eastern Air Lines, Inc. 

K. R. FERGUSON Summary 


Northwest Airlines, Inc. 
(Sponsored by Air Transport Activity) 
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WEDNESDAY, April 13 


9: 30 a.m. 
R. R. HIGGINBOTHAM, Chairman 


A Method of Evaluating Powerplants 
for Use in Subsonic Transport Air- 
planes 
—H. M. HENNEBERRY and A. F. 
LIETZKE, National Advisory 
Committee for Aeronautics 
Fuel Systems and Carburetors for 
Personal Aircraft 
—S. B. SMITH, A. J. VOLZ, 
and M. R. BALIS, Bendix Prod- 
ucts Division, Bendix Aviation 
Corp. 
(Sponsored by Aircraft Powerplant 
Activity) 


2:00 p.m 


MAJOR RAYMOND HAIJEK, Chairman 


Review of Transport Aircraft De- 
velopments During the Past Two 
Years and Some Predictions for the 
Future 


—R. C. LOOMIS, Consolidated 
Vultee Aircraft Corp. 


Landing Gears—Past, Present and 
Future 


—T. J. BAKER, Air Materiel 
Command, Wright Field 


(Sponsored by Aircraft and Air 
Transport Activities) 


— DINNER — 
6: 30 p.m. 


Welcome—R, C. Long, Chairman, 
SAE Metropolitan Section 


Toastmaster—Ralph §. Damon, 
President, Trans World Airline 


S. W. Sparrow, SAE President 


Presentation of Wright Brothers 
Medal to 


K. E. Van Every 

by W. E. BEALL 
Air Force Activities in Rockets, Jet 
Propulsion, and Supersonic Flight 
Gen. Joseph T. McNarney, 


USAF Commanding General, 
Air Materiel Command 











WATERBURY 





KELLEY 





Chevrolet Changes 


JOHN G. WOOD has been ap- 
pointed executive assistant to the 
general manager for engineering at 
the Chevrolet Motor Division, De- 
troit. He was chief engineer from 
1945. EDWARD H. KELLEY, as- 
sistant chief engineer, succeeds 
Wood as chief engineer of Chevro- 
let. Wood is an SAE past vice- 
president and is currently a member 
of the SAE Public Relations Com- 
mittee. Kelley is chairman of the 
SAE Passenger Car Meetings Com- 
mittee. R. J}. WATERBURY. who 
was staff engineer on both com- 
mercial and passenger car bodies 
and sheet metal design, is to be 
chief assistant engineer in charge of 
design—executive and administra- 
tive engineering. He is an SAE past 
vice-president and past chairman 
of the Detroit Section. P. A. 
COLLINS will be chief assistant 
engineer in charge of production 
and experimental engineering 


COLLINS 

















PAUL E. HOVGARD has been appointed project 
engineer for all current flying boat projects of 
the Glenn L. Martin Co., Baltimore, Md. For 
the past year and a half he was general manager 
for Piasecki Helicopter Corp. Hovgard is an SAE 
Councilor for 1948-1949. 


C. O. RICHARDS was recently appointed to the 
position of general sales manager over all divi- 
sions of the Standard Products Co. His former 
post was general manager of the company’s Reid 
Division in Cleveland, Ohio. In 1935 Richards 
was SAE Passenger Car vice-president. 


NEIL A. MOORE is now vice-president in charge 
of the Federal-Mogul Service Division, with 
headquarters in Detroit. Moore joined Federal- 
Mogul recently, after serving for 24 years with 
the Sealed Power Corp. 


THOMAS L. COWLES has retired as export 
engineer for Studebaker Corp., after 20 years of 
service. Cowles has been connected with the 
automotive industry since 1905 and joined 
Studebaker in 1929 as chassis engineer on com- 
mercial vehicles. He was later transferred to 
the Passenger Car Division. After World War 


II he became export engineer, having been avi- 
ation engineer during the war. 
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About} 


W. H. CURTIS, resident engineer, 
Thompson Products West Coast Fuel 
Systems Laboratory, Inglewood, Calif, 
has requested that he be relieved of 
regular duties in the Inglewood office. 
The company has prevailed upon him 
to accept the status of consulting 
engineer. 


HAROLD H. HALL has been made 
general service manager for the Cum- 
mins Engine Co., Inc., in Columbus, 
Ind. Previously he was manager of 
the Cummins Diesel Sales Corp. in St 
Paul, Minn. 


STEPHEN du PONT was recently 
appointed service manager of the Bel- 
lanca Aircraft Corp. in New Castle, Del 


O. E. HUNT, executive vice-president 
of General Motors Corp. and HUGH 
DEAN, manufacturing manager of the 
Chevrolet Motor Division, have both 
received the President’s Certificate of 
Merit, highest civilian award, in recog- 
nition of individual industrial accom- 
plishments of World War II. 


RALPH S. DAMON, who recently 
resigned as president of American Ail- 
lines, Inc., has been elected president 
of Trans-Continental & Western Ail, 
Inc., effective Feb. 10. He had been 
with American 12 years except for twe 
years as head of Republic Aircraft 
Corp., Farmingdale, L. I., N. Y. 


H. O. MATHEWS has been appointed 
manager of transportation for Stand- 
ard Brands, Inc., a new position com- 
bining fleet operation and transporta- 
tion of products of the company, J: 
W. LIMPERT is now responsible fo 
fleet maintenance for the company. 


WILLIAM J. DUNN has been elected 
vice-president of Thompson-Bremer & 
Co., Chicago, manufacturers of Evel- 
lock fastening products. He has bee? 
sales manager of the Hydraulic D 
vision, New York Air Brake Co. 2 
Chicago. 
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RICHARD L. GATES has joined the 
Development Engineering Department 
of Thompson Products, Inc., Cleveland, 
Ohio, as a design engineer. Prior to 
this post, he was connected with the 
Electric Auto-Lite Co. 


WALTER O. BRIGGS, board chair- 
man of the Briggs Mfg. Co., Detroit, has 
received the Certificate of Merit from 
President Truman. The award was 
made in recognition of the firm’s pro- 
duction of wings and turrets for B-17 
bombers during the war. 





Members 


JOSEPH ZUBATY, a former chief experimental 
engineer for AC Spark Plug Division, Flint, Mich., 
and for the last 15 years desiging engineer and 
manager of the Tractor Department of Skoda 
Works, Ltd., in Pilsen, Czechoslovakia, was ousted 


, DONALD B. BROOKS, since 1943 
eer, chief of the Automotive Section of the 


Fuel National Bureau of Standards has from Skoda when the Communists took over and 
lif, been named chief of the Engine Fuels is now in the U. S. Zone of Germany, awaiting a 
1 of Section with the dissolution of the visa to the United States. 
fice, former section. CLARENCE s. 
him BRUCE, formerly assistant chief of 
tin the Automotive Section has been ap- ; : 1 
° pointed assistant chief of the Engines CHARLES W. PERELLE has resigned as presi- 
& Lubrication Section under SAMUEL dent of Gar Wood Industries, Inc., stating that 
4. McKEE, chief. J. T. DUCK and A. his “job was completed.” He has served as chief 
lade R. PIERCE are also in McKee’s section. executive of the Wood firm for over two years. 
um- ALBERT D. BELL has accepted a posi- In the past he has been a vice-president of Con- 
bus, tion with U. 8. Naval Ordnance Labo- solidated Vultee Aircraft Corp. and the Hughes 
r of ratory, White Oak, Md. Tool Co. He has made no definite commitments 
1 St ' for the future. 
WALLACE J. SQUIRE, has an- 
sntly nounced that Neapco Products, Inc., is 
Bel- the new corporate title of the former 
Del New England Auto Products Corp., 
Pottstown, Pa. Squire is the chief R. E. CARPENTER has recently been elected 
engineer of the company. president of the Spicer Mfg. Corp. in Toledo, 
dent Ohio. He was previously executive vice-president 
a S. M. LAUDERDALE is now asso- of the corporation. 


both ciated with Pierce Governor Co., Inc., 
of Anderson, Ind., as consulting en- 














a gineer. 
com- 
R. T. HOWE, now factory manager 
at LeTourneau, Inc., Vicksburg, Miss., 
ently ; had been plant engineer for the 
Air- Drackett Co. in Cincinnati, Ohio. 
ident 
| Air, ROBERT W. STREHLOW, who was 
been recently graduated from the University 
r two of Wisconsin in Madison, is an engi- 
craft neering trainee at the Koehring Co. in 
Milwaukee. 
inted JOHN GELB is associated with the 
tand- 4. O. Smith Corp. in Milwaukee, as 
com- senior design engineer. 
yor ta- 
: “s GEORGE W. BRADY, chief engineer 
2 the propeller Division of Curtiss- , : ; 
ny. Wright a has received the Syl- WILLIAM E. NINESS has been named vice-president in charge of 
vanus Albert Reed Award from the In- sales for the Fuller Mfg. Co., Kalamazoo, Mich., and THOMAS 
lected stitute of the Aeronautical Sciences. BACKUS has been named vice-president in charge of engineering. 
ner & This award was presented to him Niness has been with Fuller since 1928, serving as sales engineer 
Ever- ‘For his contribution to the develop- and later as sales manager. Backus joined the company in 1935 
; been ment of the reversing propeller result- as sales engineer and served successively as assistant chief engineer 
ce Di- ing in shorter landing runs for large and chief engineer 
, in aircraft.” 
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UNITED AIR LINES CONSOLIDATES ENGINEERING AND MAINTENANCE HEADQUARTERS 





DAVIES 


HOARE : KELLY 


Consolidation of Engineering and Maintenance by 
United Air Lines at San Francisco involves personnel 
realignments affecting several SAE members. W. W. 
DAVIES, manager of aircraft engineering, and W. P. 
HOARE, general manager of maintenance, will be 
located in San Francisco. R. D. KELLY, formerly 
superintendent of Engineering Development, joins the 





DAVIS 


staff of United Air Lines Vice President J. A. HER- 
LIHY, as superintendent of Technical Development. 
Assisting Kelly in the technical development group is 
R. L. McBRIEN. F. F. DAVIS, formerly superintendent 
of Engineering Planning, has been transferred from 
Engineering and has been named engineering and 
maintenance assistant to Herlihy. 





JAMES L. MYERS, president of the 
Cleveland Graphite Bronze Co., and 
CLAUDE E. MURRAY, executive vice- 
president of the Willard Storage Bat- 
tery Co., have been elected, respectively, 
president and treasurer of the Associ- 
ated Industries of Cleveland. More 
than 1000 manufacturing firms in the 
Cleveland area are members of this 
organization. 


NAT HAYNES has joined Boeing 
Airplane Co. as a design specialist at 
their Seattle, Wash., plant. He was 
formerly connected with North Ameri- 
can Aviation, Inc., in Los Angeles, and 
with Pratt & Whitney Aircraft. 





FREDERICK G. MILES is chairman 
and managing director of F. G. Miles, 
Ltd., Redhill Aerodrome, Surrey, Eng- 
land. 


WALTER M. DAVIES has become an 
engineering designer with North 
American Aviation, Inc., in Los Ange- 
les. Previously he was an aeronautical 
engineer with the Civil Aeronautics 
Administration in Fort Worth, Tex. 


ALLEN W. ROMIG recently became 
a layout draftsman for American Car 
& Foundry Co. in Berwick, Pa. His 
previous position was at Glenn L. 
Martin Co. in Baltimore, Md. 


PAUL W. LITCH- 
FIELD (left) was 
awarded a sterling 
Silver cigar box at 
a luncheon held re- 
cently at the Union 
League Club in New 
York City, in honor 
of his 50 years’ serv- 
ice to the rubber in- 
dustry. A. L. Viles, 
president of the 
Rubber Manufac- 
turers Association, 
made the presenta- 
tion. Litchfield has 
been with the Good- 
year Tire & Rub- 
ber Co., Akron, since 
1900, and is now 
chairman of _ the 
board. He became 
a member of SAE in 
1911. 
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MAYNARD B. TERRY has been ap- 
pointed vice-president of the American 
Brakeblok Division of the American 
Brake Shoe Co. His headquarters will 
continue to be located in Detroit. He 
was formerly general sales manager, 
and has served in various sales capaci- 
ties since joining the company in 1943. 


FREDERICK C. CRAWFORD, presi- 
dent of Thompson Products, Inc., has 
been listed among Cleveland’s 20 most 
important citizens by the editorial staff 
of the Cleveland News. Crawford is a 
past-president of the National Associa- 
tion of Manufacturers. 





SAE Members Said... 


“Whether the ‘Hydro-Matic’ or 
the ‘Dynafliow’ is the better trans- 
mission will be determined largely 
by evolution ... largely deter- 
mined by the price and general 
appeal to the customers. They 
are not substantially different 
from the standpoint of the user 
who is not very discriminating in 
his driving”’’. . ALFRED P. 
SLOAN, chairman of the board, 
General Motors. Corp. 


“T am expecting the industry in 
1949 to pass all previous produc- 
tion records. I think production 
of cars and trucks should exceed 
6 million”. ...C. E. WILSON, 
president, General Motors Corp 
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MES H. COOPER has been made 
vice-president in charge of engineering 
at the McCord Corp. He started to 
work for the McCord company in 1910, 
and since 1935 has been works 
mana ger. 


HAROLD H. LEONARD, former De- 
troit district manager of the Delco Ap- 
pliance Division, General Motors Corp., 
has been appointed to the position of 
sales manager of the Equipment Divi- 
sion 


DR. H. L. GUY, secretary of the In- 
stitution of Mechanical Engineers, Lon- 
don, England, was created a Knight 
Bachelor by King George on March 1. 
Sir Guy, who began his engineering 
career in 1910 with the British West- 
inghouse Co., became chief engineer of 
the successor company’s Mechanical 
Department until he resigned from 
Metropolitan-Vickers Electrical Co. 
when he was appointed secretary of the 
Institution. He won the Thomas 
Hawksley Gold Medal, and the Parsons 
Memorial Medal, among other high 
honors, for his contributions to en- 
gineering. 


A. W. HERRINGTON, chairman of 
the board at Marmon-Herrington Co., 
Inc., Indianapolis, will return from a 
trip to London early in March. He is 
a past-president of the SAE. 


MARTIN HERBERT, JR., is now re- 
ports editor at the NEPA Division of 
the Fairchild Engine & Airplane Corp. 
in Oak Ridge, Tenn. His previous posi- 
tion was project engineer at General 
Motors Corp., Proving Ground Section 
in Milford, Mich. 


SAMUEL J. LEE is president of the 
newly-formed National Fleet Sales 
Corp. in Chicago. The company is 
going to specialize in fleet sales of 
automotive equipment. Lee was fleet 
sales manager for Ruby Chevrolet, Inc., 
Chicago, for the past 13 years. 


HARRY S. EGERTON is now design 
engineer for the Chase Aircraft Co. in 
West Trenton, N. J. Prior to this posi- 
tion he was project engineer at Parsons 
Industries, Inc., Rotary Wing Division 
in Traverse City, Mich. 


CHARLES P. TURNER, who had 
been plant engineer at the Richmond 
Radiator Co. in New Castle, Del., has 
become equipment engineer for the 
Wilson Contracting Co., same city. 


REGINALD I. RICE, JR., recently 
became chief project engineer at Kiek- 
haefer Aeromarine, Inc. in Fond Du 
Lac, Wis. He was formerly affiliated 
with Aircooled Motors, Inc., in Syra- 
cuse, N. Y. 


THOMAS R. PIERPOINT has be- 
come service manager for the Piasecki 
Helicopter Corp. in Morton, Pa. He 
had been with American Helicopter 
Co., Manhatten Beach, Calif. 
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ARNE D. ALVAR is now an aero- 
nautical engineer with the Grumman 
OE Engineering Corp. in Bethpage, 

, a ee 


Harold R. Towers recently became 
sales engineer for the Broadway Main- 
tenance Corp. in New York City. He 
had previously been an industrial engi- 
neer at Becton, Dickinson & Co. in 
Rutherford, N. J. 


JAMES H. COOPER has been pro- 
moted from works manager to vice- 
president in charge of engineering of 
McCord Corp., Detroit. 


THEODORE A. KREUSER, service 
sales manager of Bendix Products Di- 
vision, Bendix Aviation Corp., South 
Bend, Ind., has been elected president 
of the Automotive Electric Association, 
Detroit. He has held important posts 
in the 33-year-old automotive trade 
association in recent years. 


EUGENE P. FAGER has been ap- 
pointed vice-president and Industrial 
Department manager of Dearborn 
Chemical Co., Chicago. A graduate of 
the University of Illinois in 1916, Fager 
joined Dearborn’s laboratory staff in 
1920, became chief chemist in 1924, and 
was elected a director of the concern 


in 1934. He had been assistant vice- 
president and technical director for 
the past eight years. 


E. L. HEMINGWAY, for several years 
chief metallurgist for the International 
Detrola Corp. and more recently re- 
search engineer for the Gisholt Ma- 
chine Co., Madison, Wis., has left the 
employ of the latter company. A fre- 
quent author at SAE meetings, Hem- 
ingway has been identified with the 
development of superfinish processes 
for the past 10 years. His papers have 
covered that work, phenomena of abra- 
sion, and heat treating processes. 


EARLE S. MacPHERSON, executive 
engineer of Ford Motor Co., described 
the evolution of present day passenger 
cars before the Works Engineering As- 
sociation, West Lynn, Mass., on Feb. 21. 
Theme was the development steps be- 
hind the 1949 Ford automobile. 


L. A. McDONNELL, the 1945-46 
chairman of the SAE Hawaii Section, 
is in this country cooperating on the 
design of automotive equipment to be 
used in the Islands. He is consulting 
engineer for American Factors, Ltd., 
Honolulu. 





OBITUARIES 





HARRY E. SCHANK 


Harry E. Schank passed away on Jan. 
12, after a brief illness. 

For 15 years he was chief engineer 
of the McCord Corp., Detroit, and was 
known as one of the leading heat trans- 
fer engineers of the Industry. He had 
been in the Engineering Division at 
McCord for 25 years. 


DR. G. J. MEAD 


Dr. G. J. Mead, one of the leading de- 
signers of aircraft engines in America 
and co-founder of the Pratt & Whitney 
Aircraft Co., passed away on Jan. 20 
in West Hartford, Conn., after a long 
illness. He was 57 years old. 

He developed the basic designs which 
were used for production of half the 
aircraft engines used by this country’s 
armed forces in World War II, and he 
established the Aircraft Production 
Section of the War Production Board. 

In 1939 Mead retired as vice-presi- 
dent and chief engineer of United Air- 
craft Corp. He received the Sylvanus 
Albert Reed Award that year for his 
technical contributions to the advance- 
ment of aviation and his professional 
and business experience in both the 
technical and management fields. 


OTIS ALLEN KENYON 


Otis Allen Kenyon of Greenwich, 
Conn., died Feb. 3 in Nassau, Ba- 
hamas, while on a vacation. He was 
chairman of the board of Kenyon & 
Eckhardt, Inc., advertising agency, 
which he founded in 1929. He was 69. 
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He was educated in France, Ger- 
many, and was graduated from Cor- 
nell University with a degree in me- 
chanical engineering in 1904. 

His interest lay in electrical en- 
gineering, and he was granted a num- 
ber of patents for welding equipment 
and in 1913 was appointed chief en- 
gineer of Arc Welding Machine Co. 
Three years later he joined the So- 
ciety. 

He invented the welding system for 
building the Liberty engine during 
World War I, and the device used for 
welding the steel lining of the Catskill 
Aqueduct. 

Kenyon was editor and co-author of 
the Standard Handbook for Electrical 
Engineers, wrote numerous technical 
papers, and translated French and 
German technical works. 


DEAN MILTON GILLESPIE 


Dean M. Gillespie, Colorado dealer 
for White Motor Co. and farm indus- 
trial machinery, died Feb. 3 in Johns 
Hopkins Hospital, Baltimore. He 
was 64. 

He was elected Representative to 
Congress from the Denver district on 
March 7, 1944 on the Republican 
ticket, and was reelected for the full 
term as member of the 79th Congress. 

Gillespie had been an ardent civic 
worker and two years ago established 
the Dean Gillespie Foundation to carry 
on his philanthropic work. He joined 
the Society in 1932 and was largely 
responsible for the SAE Colorado 
Group. 
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Washington Section 
Tries to Stump Experts 


®@ Washington Section 
]. T. Duck, Field Editor 


Jan. 11—Members of the Washington 
Section were invited to “Stump the 
Experts” at a regular meeting, and 
they posed questions in many fields. 

The panel of experts was headed by 
Clarence S. Bruce, heat and power 
division of the National Bureau of 
Standards. Other members of the 
panel were Oscar Wiederhold, Public 
Roads Administration; Paul Hollowell, 
Civil Aeronautics Administration; Dr. 
Ernest F. Fiock, chief, combustion re- 
search section, National Bureau of 
Standards; and Walter C. Bauer, chief 
engineer, Briggs Filtration Co. 

The problem that attracted greatest 
interest was automotive lubrication. 
When asked how often oil changes are 
necessary, Bauer replied, “I never 
change oil.” He told of operating a 
car for 49,000 miles without a change 
of crankcase oil. At the end of this 
period, no part of the engine appeared 
to be damaged by improper lubrica- 
tion. The “experts” agreed that oil 
changes should be less frequent than 
is the general practice. It was recalled 
that a recent regulation in regard to 
servicing government-operated vehi- 
cles specifies oil changes each 4000 
miles instead of the previous require- 
ment of changes each 1000 miles. 

During a discussion of gasoline 
quality, the members of .the panel 
stated that most of the difference in 
premium and “high-test” gasoline is in 
antiknock quality. Most cars in cur- 
rent production, it was said, are de- 
signed for operation on regular-grade 
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gasoline. The slight ping encountered 
under heavy load may be objectionable 
with respect to noise but will not 
measurably affect power or fuel con- 
sumption. The difference in premium- 
and regular-grade gasoline is, for the 
average motorist, in cost per gallon. 
The premium-grade fuel gives better 
antiknock performance but is no better 
with respect to other important prop- 
erties that are inherent in good gaso- 
line. 

Fiock reviewed briefly the develop- 
ment of gas turbines. Most of the 
commercial development has thus far 
been confined to comparatively large 
units. A Swiss railroad has been using 
a turbine-powered locomotive since 
before the war. American railroads 
are interested in turbine development 
and in cooperation with allied interests 
have at least two units under construc- 
tion, though none is yet in service. 

Discussion of aeronautic problems 
included several theoretical and prac- 
tical problems. The “sonic barrier” 
was defined as being the result of 
shock waves on the leading edges of 
the wings. The shock waves increase 
the friction very rapidly so that the 
power requirement of the plane is in- 
creased several times in passing 
through a comparatively narrow speed 
range. 

Hollowell told of experiences of the 
CAA in investigating fatal accidents. 
The recent disastrous fires in a certain 
type of four-motored airliner presented 
the most difficult problem in recent 
years because, starting in midair, the 
fires left few clues as to their origin. 
Finally it was found that the fires 
originated from raw gasoline bleeding 
from an air vent into the inlet of a 
combustion-type heater. The planes 
of this class were immediately 
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grounded until the defect in design was 
corrected. 

Bruce, in response to a question 
about gadgets for improving engine ef- 
ficiency, stated that no gadget can im- 
prove: engine performance unless it 
changes the basic design of the engine. 
The National Bureau of Standards, he 
pointed out, has tested hundreds of 
such devices, but has never found one 
that makes an improvement that can- 
not be more conveniently and less ex- 
pensively accomplished by proper ad- 
justment of standard equipment sup- 
plied by the manufacturer. 


Former Chairman’s Son 
Talks on B & M’s Diesels 


®@ New England Section 
A. R. Okuro, Field Editor 


Dec. 7—Ralph G. Fritch, son of former 
New England Section Chairman How- 
ard Fritch, provided a number of 
glimpses of the Boston & Maine and 
Maine Central Railroads’ diesel loco- 
motive operation and maintenance. 
At present, these railroads operate 
151 diesel units, which cost a total of 
$16,705,682.96. A program of inspec- 
tion, preventive maintenance, and 
service for the 2294 cylinders is carried 
on in facilities at Boston, Mass., and 
Mechanicsville, N. Y. Facilities include 
pits, depressed floors, and special rooms 
set up for the operation of detached 
units, Fritch said, adding parentheti- 
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that trucks and motors are serv- 

at North Billerica, Mass. 

ogressive maintenance between 

permits operation with a definite 

ction in lay-up time and provides 

ist 100% availability. 

esel locomotives handle 88% of the 

s-ton-miles in freight and 55% of 
car-miles in passenger service. 
Steam locomotives move the balance 
of freight and passenger trains in 
shorter hauls and commuter service, 
he said. 

A disadvantage in diesel-powered 
passenger service is the necessity of 
using auxiliary steam generators for 
car heating. These units require close 
supervision for satisfactory operation. 
Another important consideration is 
the training of engine crews. Some 
problems have been encountered since 
the nomenclature relative to diesel- 
electric equipment is foreign to steam 
training. Despite the obstacles of 
seniority and bidding, all engine men 
are qualified with regard to safety and 
time tables. However, it is apparent in 
some categories that railroad training 
is restricted by the apprentice system, 
and the question of “who does which to 
what” is ever present, according to 
Fritch. 


Production Experts 
Tell of New Methods 


® Detroit Section 
W. F. Sherman, Field Editor 


Dec. 13—The Production Activity pre- 
sented three experts to discuss the im- 
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portant problem of synchronizing pro- 
duction. 

The speakers were O. E. Johnson, 
Kaiser-Frazer Corp.; H. P. Henderson, 
New Departure Division, GMC; and I. 
J. Haus, Nash-Kelvinator Corp. 

Johnson, assistant general produc- 
tion manager of his company, high- 
lighted materials handling methods at 
Willow Run. Inflated costs of in- 
ventories and the psychological at- 
titude of labor have both increased the 
importance of materials handling by 
mechanical methods, he said. 

The goal is to make certain that in- 
ventory is controlled and turned over 
quickly and accurately, and that it is 
handled mechanically. With illustra- 
tions he demonstrated methods being 
used now, including methods worked 
out cooperatively with vendors to per- 
mit them as well as the vehicle manu- 
facturer to handle and control inven- 
tory by mechanical means. Expenda- 
ble and returnable packs were shown; 
various types of cartons and pallets 
were depicted. 

At New Departure, which Henderson 
serves as assistant to the general 
manufacturing manager, practices of 
particular interest were illustrated by 
a motion picture showing a plant at 
Sandusky, Ohio, which manufactures 
automotive sizes of ball bearings. 
Close-tolerance manufacturing is aided 
by efficient material handling, the 
speaker said. 

All types of conveyers, special motor- 
ized equipment for positioning parts 
handy to the operator, use of auto- 
matic tongs in crane handling, electric 
fork trucks, and use of special con- 
tainers, were covered. Matched bear- 
ing parts are completed as finished 
bearings on continuous assembly lines. 


83 


Haus, plant engineer of the Nash 
body division, summarized the type of 
equipment used for materials handling 
for door fabrication. In the plant at 
Milwaukee, door panels are handled 
from the press room through fina) 
assembly by conveyers. Trolley con- 
veyers and slat conveyers are employed. 

Joseph Geschelin, Chilton Co., vice- 
chairman of Production Activity, pre- 
sided at the meeting. A non-dinner 
affair, it was followed by a social hour. 


Hp-Weight Ratio 
Rises in Tractors 


® Chicago Sectior 
P. P. Polko, Ass’t. Field Editor 


Feb. 8—The trend in new models of 
industrial tractors is toward more 
power for the same size and weight, 
said Harold T. Reishus, general man- 
ager of the Industrial Power Division 
of International Harvester Co. 

The greatest horsepower-to-weight 
increase is in rubber-tired tractors de- 
signed for off-the-highway big pay- 
loads hauling, Reishus reported. 

The versatile crawler tractor has 
gained importance in earthmoving with 
more power, wider speed range, and 
greater ease of handling. It has be- 
come the backbone of modern con- 
struction industries. There are four 
major manufacturers in the business 
who make 24 basic models. 

Transmission and steering are being 
improved, also. 


Syracuse Section 
Examines Dynaflow 


@ Syracuse Section 
W. F. Burrows, Field Editor 


Jan. 17—Center of interest at Prof. 
Louis L. Otto’s talk on automatic 
transmissions was the cutaway Buick 
Dynafiow unit and a partially disas- 
sembled unit. 

Otto, former Syracuse Section chair- 
man, spoke before a joint meeting of 
the SAE section and the Technology 
Club of Syracuse on the story of trans- 
missions from selective gear boxes to 
torque converters. 


Examining a dynaflow transmission at a 
joint meeting of the Technology Club of 
Syracuse and Syracuse Section of SAE are: 
(left to right) George F. Dunbar, Buick 
dealer; Prof. Louis L. Otto of Cornell. who 
lectured on the transmission: Charles B. 
Spase, Technology president; and Samuel 
Wolcott, Syracuse Section chairman 








Automobiles Average 
433 Rubber Parts Each 


® Chicago Section 
Clark Lupton 


Jan. 17—Current models of automo- 
biles average 433 rubber parts, and 
more rubber parts will make future 
automobiles better, predicted E. F. 
Riesing, Firestone Industrial Products 
Co. 

Riesing displayed exhibits of actual 
parts and photographs of rubber engine 
mounts for nineteen 1949-model pas- 
senger cars. The display showed con- 
siderable differences in construction 
and location of engine mountings. 

Present-day engine mountings rep- 
resent a low-cost means of supporting 
the powerplant and serve to prevent 
objectionable vibration from being 
transferred to the car frame and body 
from engine rotative unbalance and 
combustion unbalance, Riesing said. 

Engine mount material must be 
selected carefully, he warned. Pro- 
longed low temperature crystallizes 
neoprene, making it undesirable for 
mounts. 

The hydraulic brake system owes its 
success almost entirely to its rubber 
parts, according to Riesing. Rubber 
serves in the car’s interior, too. Foam 
rubber cushions are becoming increas- 
ingly popular and are expected to be 
standard soon. 


Treiber Discusses 
Automotive Diesels 


® Chicago Section 
E. A. Comfield, Field Editor 


Dec. 16—Color of diesel-engine smoke 
is a clue to its origin, said O. D. Treiber, 











Looking over a display of rubber engine mounts at Chicago Section’s Jan. 17 meeting are: 
(left to right) G. C. Vanderberg, E. F. Riesing, and SAE President S. W. Sparrow 


consulting engineer for Hercules 
Motors Corp., in his analysis of the 
application of diesel engines. 

White smoke, he said, is usually 
formed when combustion is weak, as 
during cold starting. Blue smoke is 
the result of liquid fuel impinging on 
surfaces too cold to gasify it. The 
aldehydes produced under these con- 
ditions give a sickening smell to the ex- 
haust. Black or dark brown smoke is 
largely colloidal carbon particles. AS 
much as 18% of the fuel by weight can 
be lost into the air, according to 
Treiber. 

Noise, one of the other topics con- 
sidered, was defined as vibration fre- 
quencies between 100 and 16,000 cps. 
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It is most noticeable between 500 and 
6000 cps. 

Suppression measures consist of use 
of sound-deadening materials on fire- 
walls, toe and floor boards, and intake 
air ducts. Exhaust noises can be re- 
duced with efficient mufflers, but hack 
pressure should not exceed 2 in. of Hg 
at the exhaust flange. 

Battery cable sizes for good starting 
should be not less than 00 for 5-ft or 
shorter lengths, 000 for 5- to 10-ft 
lengths, 0000 for 10- to 15-ft lengths, 
and two 00 for 15- to 20-ft lengths. 


Research, Development 
Stretch Defense Funds 


®@ Southern California Section 
R. E. Lindberg, Field Editor 


Dec. 9—An Air Force research and de- 
velopment program has been initiated 
to make the most efficient use of the 
funds allocated for national air de- 


Cont. on p. 86 


Lt.-Col. L. W. Greenbank (left) listens 
while Southern California Section Chair- 
man jim Sinclair and Major-Gen. L. C. 
Craigie explain the Section’s new public- 
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CUPIT ; 
. . « « of Mid-Continent 


Cc. W. “Dan” Cupit resembles Dan 
Cupid in more than nickname. Dan 
Cupit is a matchmaker, too—he spe- 
cializes in matching solutions to tech- 
nical problems. 

Most of his problems are in petro- 
leum chemistry. Currently his prob- 
lems come to him via the Fuel Inspec- 
tion Division of the Oklahoma Corpo- 
ration Commission, which he serves as 
State Chemist. 

At one time, he tackled the problems 
of designing, building, and operating a 
refinery for the manufacture of special 
lubricants. He has also supplied an- 
swers as a chief chemist in charge of 
automotive and chemical testing and 
refinery operational control. 

During World War II, Dan was in 
Army Ordnance solving control prob- 
lems in the manufacture of nitric acid, 
TNT, and special ingredients for avia- 
tion gasolines. 

Besides SAE Mid-Continent Section, 
Dan applies his matching ability in 
ASTM’s Division of Combustion Char- 
acteristics, CRC, North American 
— Conference, and the Chemists’ 

ub. 

He received his B.S. in Chemistry 
from The Pennsylvania State College. 
After studying chemical engineering a 
year on a fellowship at the University 
of illinois, he received his master’s 
degree from that school. 

Dan was an all-round athlete in 
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school. He won letters in football, 
baseball, track, tennis, cricket, soccer, 
and hockey. During 1923, 1924, and 
1925, he was a member of the honored 
All-America cricket team. 

Now his hobbies are golf, music, and 
movie photography, he says. The chef 
of Oklahoma City’s Biltmore Hotel can 
vouch that Dan has another interest. 
The chef always expects a little added 
sampling supervision from Dan when 
Mid-Continent Section dinner meet- 
ings are held there. 

—W. F. Ford, Field Editor 





HUNDLEY 
. . . « Of Northern California 


Roy Hundley satisfied his wander- 
lust early and settled down to become 
an outstanding diesel engineer in his 
home town. 

Directly after his graduation from 
Stanford University with a degree in 
mechanical engineering, he worked his 
way around the world on a Dollar 
Steamship Line boat. 

He came home to San Francisco and 
started in with the Enterprise Engine 
and Foundry Co. as a detailer in 1935. 
He progressed rapidly through layout 
and design assignments to the position 
of assistant chief engineer. Two years 
later, when he was still only 30 years 
old, he became chief engineer. 

Diesel engineers know him through 
his activities in the Diesel Engine 
Manufacturers’ Association, particu- 
larly in editorial work and on the chief 
engineers’ committee. 

Roy and his wife have two sons. 

—F. G. Wildhagen, Field Editor 
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These biographies are 
part of the series on 


1948 - 1949 Section 
Chairmen 





SANBORN 
. « « « Of San Diego 


Dan Sanborn has packed the 1) 
years since his graduation from the 
University of California with a variety 
of engineering experience with air- 
craft and their powerplants. 

His first post-graduation job was 
with the stress department at Lockheed 
Aircraft Corporation. From there he 
went to the Morrow Aircraft Co. to 
take charge of the stress department 

In 1942 he accepted a job with Ryan 
Aeronautical Co. where he has served 
as project engineer on the XFR-1 and 
worked on development of jet engines 
and afterburners. 

He interrupted his service with Ryan 
to do some design work on 2-stroke 
cycle engines for McCulloch Motors 
Co. The possibilities of 2-cycle engines 
had appealed to him ever since his 
model-building days, and he still de- 
votes some of his spare time to trying 
out his own ideas about them. 

Two other interests, sailing and soar- 
ing, led him to build a sailplane, in 
which he accumulated 50 hr of flying 
time. Now he is diverting his spare 
time to building a home. 

—L. E. Morgan, Field Editor 
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fense in the unification act of a year 
ago, Lt.-Gen. L. C. Craigie 

“Our strategic position in World War 
II enabled us to win,” Craigie said, “be- 
cause we had (1) great natural re- 
sources, (2) cooperative industry, (3) 
time with allies fighting, (4) isolation 
or distance factor. Now all the ad- 
vantages that remain in any future 
war are the first two, and in a guided- 
missile attack without warning, these 
would not be advantages unless pro- 
tected and usable.” 


All civilian resources have been or- 
ganized through a 30-member Aircraft 
Advisory Board. Through intensive 
scientific education, military officers 
learn the capabilities and limitations 
of their complex modern equipment. 
The Wright Field Institute graduates 
150 to 200 officers per year, and those 
with special aptitudes are selected for 
further specialized training; the Civil 
Instruction program furnishes 1300 re- 
serve officers annually. 


The proportion expenditure between 
research and development is 12% and 
88% respectively, according to Craigie. 
The engineering division transfers mili- 
tary requirements into specifications 





that can be negotiated into contract 
form with imdustry; ard the resulting 
product is tested by specialized units 
at Wright Field; New York; Florida; 
and Fairbanks, Alaska. The problems 
in the development of such a program 
resolve themselves into simultaneous 
development on all avenues. 


Winterization devices must have 
capabilities in hot or cold operations, 
and temperatures from -90 to 160F 
must be controlled. Cold-weather 
problems include development of ma- 
terial like fuel hose, plexiglass, and 
equipment for personnel. Craigie said, 
“Temperature extremes often require 
preheating the preheater.” 


In the field of transport aircraft, a 
design conforming to Army needs for 
a 25-ton cargo aircraft is being de- 
veloped, Craigie reported, together with 
a medium tank transport and detach- 
able-fuselage loading and unloading 
facilities. ‘The pure cargo transport 
has primary commercial value, and 
funds are not available for such de- 
velopment, according to Craigie. 

All-weather flying has high priority. 
Regardless of weather, day-and-night 
flight has been maintained between 


the Electronic Intelligence Center in 
Wilmington, Ohio, and Washington; 
D. C., a distance of 380 miles, for over 
two years. “Stupid-proof” automatic 
equipment is also high on the priority 
list, according to Craigie. 

He saw as significant trends in mili- 
tary aircraft development, the use of 
the gas turbine begun during the war 
and the development of atomic-energy 
plants for aircraft use. “Through the 
Engineering Development Center, we 
are on the threshold of a new era in 
flight from transonic to supersonic,” 
Craigie said. Summarizing, he said we 
must as a nation (1) be capable of de- 
fending our existing facilities, (2) 
conduct an extensive peacetime re- 
search program, (3) encourage the 
civilian scientist to play an important 
role, (4) create extensive testing facili- 
ties, and (5) develop with the air age 
into the supersonic. 


Thomas Discusses 
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Heavy-Duty ~4¢2-7Ze0¢ed Engines 


Offer Reputability 
TO MATCH YOUR OWN ... 


If your company manufactures power-operated equip- 
ment of any kind that can utilize engine power within 
. your good name is 
safe when the performance of your equipment is en- 
trusted to Wisconsin Air-Cooled Engines. 


1 2 to 30 Horsepower range.. 


Here is reputability to match your own, no matter how 
high or exacting your standards may be. Every Wis- 
consin Engine from the smallest to the largest is of 


heavy-duty design and construction. 


anced drop-forged crankshaft of every Wisconsin 
Engine runs on tapered roller bearings at both ends 
to take up end- and radial thrusts ...a typical detail 
of Wisconsin heavy-duty design that assures the user 
“Most H.P. Hours” of on-the-job service. 


Wisconsin Heavy-Duty Air-Cooled Engines are avail- 


able in 4 cycle single cylinder, 2- and 4- cylinder types 
in a complete power range up to 30 H.P. 
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Two cylinder sizes, 
7 to 13 H.-P. 


The perfectly bal- 


V-type 4-cylinder 
sizes, 15 to 30 H.P. 


jilders of Heavy-Duty Air-Cooled Engines 
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Diesel Locomotives 


® Williamsport Section 
H. W. Epler, Field Editor 


Jan. 10—In changing from steam to 
diesel-electric locomotives, the New 
York Central System developed new 
methods of personnel training and 4a 
unique system of progressive mainten- 
ance, which were described by Fayette 
Thomas, assistant to the general super- 
intendent, motive power. 


In the changeover, according to 
Thomas, operating crews and mainten- 
ance personnel were kept intact and 
given diesel-engine training by means 
of an instruction car with cutaway 
sections, movies, and lectures. 


This method of instruction proved 
unsatisfactory, however, and a com- 
plete setup of locomotive equipment, 
consisting of a single engine, flash 
boiler, controls, and other auxiliary 
operating equipment, was installed in 
an old dining car to make it a self- 
propelled unit. With this method of 
instruction, it was possible to simulate 
actual operation and give the engine 
crew practical instructions in handling 
larger units. The system proved so 
satisfactory that a second car was 
built. 


Progressive maintenance in large 
measure accounts for the short time— 
6 to 8 hr—during which passenger and 
freight locomotives are out of service, 
said Thomas in describing this system 
| of inspection. Comprehensive reco! is 
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are kept on each locomotive, itemizing . 


points of wear and anticipated useful 
life before requiring attention of main- 
enance crews. When a locomotive is 
in the shop for inspection, only those 
points of wear are inspected which the 
records indicate should be inspected at 
that time. Life expectancy of various 
items of wear is initially recommended 
by the manufacturer of the equipment, 
he explained. 3 


In addition to progressive mainten- 
ance, diesel-electric passenger loco- 
motives are given a general overhaul 
every 1,250,000 miles and freight loco- 
motives every 800,000 miles. Steam 
locomotives without progressive main- 
tenance require a general overhaul 
every 275,000 miles. 


Switch locomotives are not main- 
tained on a progressive basis but are 
inspected periodically, Thomas con- 
tinued. They are out of service not 
more than one week in 1,250,000 miles 
and usually accumulate 27,000 miles 
per month. For comparison, passenger 
locomotives accumulate an average of 
27,895 miles per month. 


A disadvantage of the diesel loco- 
motive is misuse, resulting from the 
fact that the diesel engine can handle 
overloads far better than its accom- 
panying electrical equipment, while a 
steam locomotive stops when over- 
loaded. Slippage of the driving wheels, 
which is sometimes bad between speeds 
of 70 and 80 mph, accounts for the 
major portion of misuse resulting in 
damage to the electrical equipment, 
Thomas said. The maintenance sta- 
tion at Harmon, N. Y., overhauls ap- 
proximately 70 traction locomotives a 
month, and 10 to 15% are damaged 
by misuse. 


o> 


Actually there is no saving in main- 
tenance between steam and diesel loco- 
motives. The overall saving is due to 
the elimination of such things as water 
pans, roadside equipment, and main- 
tenance of road, necessary for steam 
locomotives. The reduction in the 
number of stops for servicing and in 
the time required for inspection and 
maintenance enables the diesel-electric 


ee to meet faster time sched- 
ules. 


During an interesting question 
period, Thomas pointed out that the 
Principal type of drive is the diesel- 
electric but that some small switching 
engines have geared drives. 


Diesel-electric locomotives are 
cheaper than all-electric drive due to 
cost of substations and other equip- 
ment necessary for the latter. 


Work is being done on gas turbines, 
coal and oil burning, but is not far 


oe advanced to compete with the 
iesel. 


Before conversion to diesels, dyna- 
mometer-car test runs were made on 
Various parts of the system to deter- 
mine grades and allowable loads in 
order to ascertain diesel locomotive 
requirements. In operation it was 
found that tonnage limits for each type 
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of unit fer each section of the system 


weré more satisfactory than load meter 
values. 


SAE and IAS Meet 
To Hear Kalitinsky 


® Dayton Section 
J. E. P. Sullivan, Field Editor 


Jan. 18—Andrew Kalitinsky repeated 
his talk “Atomic Power and Aircraft 
Propulsion” before a joint meeting of 
the local sections of SAE and IAS. 


“We have not manufactured an 
atomic powerplant for aircraft, but 
we can say now that the practical 
development of atomic energy as a 
source of power calls for the active co- 
operation of both scientists and engi- 
neers, in research institutions and in- 
dustry, if an early and successful ap- 
plication of this power is to be made,” 
said Kalitinsky, chief engineer of the 
NEPA Project, a Division of Fairchild 
Engine and Airplane Corp., at Oak 
Ridge, Tenn. 

He went on to explain that the co- 
operation is needed on problems of 
heat transfer, canning—the protection 
of the uranium in the reactor against 
corrosion by the working fluid and pre- 
vention of the escape of radioactive 
fission products into the working fluid, 
reduction of shielding weight, provi- 
sion for high landing weight, and the 
effect of radiation. on aircraft con- 
struction materials. 


Panel Discusses 
New Traffic Code 


® Hawaii Section 
Rene Guillou, Field Editor 


Jan. 17—Density and speed of Hawai- 


ian traffic have become comparable to | 


mainland conditions, and Honolulu’s 
new traffic code follows accepted main- 
land standards for that reason, said 
Col. C. R. Welsh in introducing a panel 
discussion on the new code. 


| 


| 











Welsh is chief engineer of the city’s 


traffic safety commission. 


Legally, the city of Honolulu includes | 


the reefs and atolls in a 540,000 sq- 
mile area of ocean. Its traffic prob- 
lems, fortunately, are limited to the 
island of Oahu, where the passage 
of 45,000 vehicles per day through a 


single-level intersection is in ill accord | 
with the tourist’s picture of waving | 


palms and sunny beaches. 

Capt. Herbert Rego and Set. Joe 
Lee of the police department traffic 
division explained the vehicle equip- 
ment required by the law, pointing out 
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Which of these books 
will help you most? 


Check the ones you want and 
SEE THEM ON APPROVAL 


1. Engineering Metals 
and their Alloys 


By Carl Samans. A complete, clear know!- 
edge of modern metals—their production, 
fabrication, characteristics, and basic 
theory—is given in the form most useful 
to design and purchasing engineers. Here 
you will find what you want to know on 
new high-strength, light metals, alloys re- 
sistant to corrosion or abrasion, and all 
other alloys now available for special en- 
gineering needs. This book will enable 
you to be sure you are solving your mate- 
rials problems in the most efficient, eco- 
nomical way. $7.50 


2. Powder Metallurgy 


By Paul Schwarzkopf. Completely explains the 
characteristics, processing, products and theory 
of materials that have effected savings as high as 
75%, have solved many special engineering 
problems, and are today especially important in 
new engineering projects. $ 


3. Simplified Punch and 
- . 
Diemaking 
By J. Walker & C. Taylor. “Obviously written by 
men who know their business, this book has 


roved very useful for die designing,’ says the 
Fool Engineer of one large concern. $5.00 


4. Illustrated Jig-Tooling 
= Leal 
Dictionary 
By T. G. Thompson ER. A. Peterson. 988 work- 
ing drawings with concise explanations show 


you at a glance what you want to know about 
any tooling procedure or piece of amet X? 


5. Making Patent 
Drawings 


By H. Radzinsky. Complete instruction in all 
special techniques required for patent applica- 
tion drawings, with much valuable advice from 
a patent attorney of 30 years’ experience. $3.00 


6. Improved Foremanship 


By A. Uris. Tells the production supervisor in 
olaie down-to-earth terms everything he needs 
to know in order to be successful. Very reward- 
ing for any shop man and also for his boss. $3.50 


.» SEE THEM FREED om "| 


The Macmillan Co., 60 Fifth Ave., New York 11 | 


Please send me on 10 days’ approval copies 


| of the books checked by number below. 
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Insulated 
| Parts’ 
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* Standard & Special 


Natural or synthetic rubbers applied | 
to metal parts for sound abatement, 
shock absorption, corrosion resist- 
ance, electrical insulation and pro- 
tection against abrasion. 


Our special form process saves time 
in every production step and elimi- 
nates expensive molds 


AUTOMOTIVE RUBBER CO. inc 


8601 EPWORTH BOULEVARD 
DETROIT 4, MICHIGAN 
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that shipping difficulties have delayed 
the arrival of dealers’ stocks, and that 
enforcement of the code is being de- 
ferred until the necessary devices can 
be purchased locally. 

Discussion from the floor brought 
out the problem faced by the sugar 
plantations, with fleets of large and 
heavy trucks in predominantly day- 
time, off-the-road service. These 
trucks, under the code, should be 
completely equipped with clearance 
and marker lights, reflectors, and il- 
luminated signal devices. The treat- 
ment to which these vehicles are sub- 
jected in driving through the cane 
fields, and in loading and unloading, 
would result in excessive costs for in- 
stalling and maintaining such equip- 
ment. Such trucks are little used on 
public roads or at night. 

James Duncan of the Traffic Safety 
Commission indicated the desire of 
that organization to be informed of 
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such matters and to cooperate in 


jadapting the uniform code to local 
‘conditions. The meeting authorized 
| Section Chairman McLaughlin to ap- 
|point a committee to confer with the 


Traffic Safety Commission on possible 
amendments to the code. 


Films Show Air Races 


and Arabian Oil Works 


® Colorado Group 
D. H. Lamb, Field Editor 


| Jan. 17—At the Liberty Truck & Parts 


Co., the group saw a program of films. 
One showed the activities of the Ara- 
bian-American Oil Co. in Saudi-Arabia 
and another depicted the Bendix Air 
Races. Other films of nontechnical 
subjects completed the program. 


® New England Section 
A. R. Okuro, Field Editor 


| Jan. 4—Tips on torque converter main- 


| | tenance in transit buses were offered by 


J. Henry Hickman, regional service 
manager for coaches, GMC Truck & 
Coach Division. 

He recommended that fluid be re- 
placed every 25,000 miles, filters be 
sleaned at every inspection, turbine 
and pump pressures be checked every 
12,000 to 15,000 miles, lines and casing 
be checked every 2000 to 3000 miles for 
leaks, and coolers be cleaned internally 
every 12 months and externally every 


|2000 to 3000 miles. 


Satisfactory performance of the well 


‘maintained hydraulic transmission is 
‘particularly noticeable in operations 


where stops per mile—rather than 


| miles per stop—are encountered, Hick- 


man reported. Engine and turbine per. 
formance should be stall-tested every 
12,000 to 15,000 miles with a tachom- 
eter to measure engine speed and a 
pressure gage to measure turbine fluid 
pressure. 


Helps Customers 
Apply Dynamometers 


® Washington Section 
J. T. Duck, Field Editor 


Dec. 13—‘‘Dynamometry is an art—the 
art of applying a dynamometer to the 
problems of automotive service work,” 
said Roy S. Godbey, Electric Products 
Co., who told of his company’s experi- 
ence in developing and marketing a 
chassis dynamometer for use in auto- 
motive servicing. 

The company built its first dynamo- 
meter in 1941. Production was inter- 
rupted by the war soon after. How- 
ever, during that brief experience it 
was learned that marketing practices 
in general use had given dynamometers 
a bad reputation among automotive 
service personnel. 

“The industry,” said Godbey, “was 
still in the infantile stage where all 
thought was apparently given to mak- 
ing a dynamometer that worked. Mer- 
chandising consisted almost solely of 
getting an order and shipping out a 
dynamometer. From that point on it 
was the customer’s baby.” 

When the manufacturing program 
was reopened after the war, the com- 
pany resolved to build an instrument 
that would not only work but one that 
would also meet the service needs of 
potential customers. 

They believed that a_ successful 
dynamometer program would cover the 
problem of setting up for each cus- 
tomer a system of operation—setting 
up the dynamometer favorably in the 
place of business, controlling service 
operations, establishing operating rules 
and regulations, maintenance and 
servicing of equipment, and training 
the operator in diagnosis of engine 
performance. 

“The various objectives we set up for 
the design of our dynamometer g0 
back to one basic principle—that time 
and space are the most valuable con- 
siderations on any garage owner's Or 
car dealer’s operation,” Godbey said. 

Although the manufacturer has no 
control over what is done with the 
dynamometer by his customer, it is 
essential that he should be assisted iD 
setting up a sound plan of operation. 

Effective tools must be supplied to 
implement each customer’s plan of 
operation—trained operators, test data 
sheets, advertising and promotional 
information, and service manuals. 
Continued supervision should be pro- 
vided for every dynamometer pur- 
chaser in order that he may keeP 
abreast of the times and not allow 4!s 
work to fall into decay. 
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STUDENT NEWS 





Northrop Aeronautical Institute 


,n airplane capable of using an 
atomic powerplant efficiently would 
weigh at least 200,000 lb, said Col. H. 
E. Metcalf, speaker at the meeting held 
Jan. 26. 

Col. Metcalf, who worked on the 
Army’s atom bomb project and is now 
patent attorney and chief of nuclear 
research for Northrop Aircraft, ex- 
plained that it is the heat given off 
in the reaction that is used. The heat 
can be controlled effectively by in- 
troducing foreign bodies into the pile 
to reduce its activity. 

One of the biggest problems, he said, 
will be the shielding of the pilot from 
the powerplant. At present, there are 
no shielding materials feasible for use 
in airplanes. 

It was pointed out that atomic power 
would be desirable for guided missiles, 
except that the valuable unexpended 
fuel supply could not be recovered. 


University of Wisconsin 


Milwaukee Section sponsored and 
arranged the Student Branch’s tour 
through the Gary works of Carnegie- 
Illinois Steel Corp..on Dec. 11. 

The coke plant was the first stop 
on the tour of the plant itself, which 
is so large that the trip must be made 
in buses or cars — it covers 1400 acres 
and employs 22,000 persons. In the 
coke plant are 15 coke batteries, each 
containing 77 ovens. These batteries 
coke 500,000 tons of coal per month. 

The magnitude of the operation can 
be pictured when it is noted that the 
city of Gary, population 100,000 plus, 
uses only 2% of the gas produced by 
these coke batteries in a month. 

From the coke plant the caravan 
proceeded to the unloading docks, 
where the ore boats bring the ore from 
the Mesabi Range to be unloaded and 
stored. The company has its own slip, 
nearly a mile long, for unloading its 
boats. 

Huge ore-boat unloaders which take 
20 tons at a single bite can unload a 
1400-2000-ton ore boat in about 314 hr. 
Since the lake freezes up during the 
winter, the plant must stockpile enough 
ore to see them through the winter. 
This requires about 6,000,000 tons of 
ore. Most of this ore was in when the 
trip was made, for the last boat was to 
arrive that day. 

After leaving the dock area, the 
tour went through the blast-furnace 
section, where there are 12 blast furn- 
aces in a row working day and night. 
They say that this is the only plant in 
the world with so many furnaces. 
From the furnace section, the group 
was taken to the open-hearth furnaces. 
The No. 2 open-hearth happened to be 
the one visited, and it had three Bes- 
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semer converters working to charge the 
open hearth. 

At the wheel mill was seen the huge 
20,000,000-lb forging press which forms 
a railroad-car type wheel from a solid 
steel blank in one pressing operation. 

The final stop on the tour was in the 
blooming mill, where large billets of 
steel are rolled into flat steel slabs. 
The manipulation of the rolls is quite 
an art in itself, judging from what was 
seen on the trip. Here too, was seen 
the huge 8000-hp electric motor which 
is used to drive the rolling mill. 

—R. W. Henke, Field Editor 


Fenn College 


“Packaged Nuclear Power Plants” 
was the main topic of discussion by Dr. 
J. A. Campbeli, assistant professor of 
chemistry at Oberlin College, when he 
addressed the Fenn Student Branch 
and the Cleveland Section on Jan. 17. 

He maintained that the charge in the 
atomic bomb weighs about 20 or 30 lb 
and is about the size of an outdoor 
baseball. 

As a weapon of war, the atomic bomb 
is ranked fourth by the U. S. Army, 
and its best use is in warships, declared 
Campbell. 

The ultimate temperature of the 
bomb is 1,000,000,000 C., and it needs 
to be exploded within only a mile of 
the target in order to obtain 100% 
effectiveness against houses, stated 
Campbell. 

According to Campbell, an atomic 
cloud spray is more effective than the 
bomb itself, inasmuch as a city’s entire 
population may be wiped out without 
destroying anything else. 

Campbell also advanced the opinion 
that there is no possibility of operating 
motor vehicles on atomic energy be- 
cause of the immense weight factor in- 











| 


| 


volved. The advent of a “breeder pile,” | 


a device for absorbing neutrons, has 
increased the available amount of 
atomic energy by a factor of at least 
200, asserted Campbell. 


—R. L. Pappas, Field Editor | 


A. & M. College of Texas 


On Dec. 10, 1948, the Texas Section | 
officers and members had as their | 
guests the SAE Student Branch of | 
Texas A. & M. College at a banquet at | 


the Aggieland Inn. 
Among those present at the meeting 
were J. W. Walker, Texas Section 


chairman, and the governing board. | 
Following the banquet, Floyd Patras | 
was presented with a scroll commend- | 
ing him on his service as past-chair- | 


man of the Texas Section. 


After the banquet, the group recon- | 


vened in the petroleum lecture room, 


where they were joined by the student 
chapter of the Institute of the Aero-| 
nautical Sciences to hear a talk on the | 
“Aims and Activities of the Personal | 
Aircraft Research Center at Texas) 


A. & M. College” by Fred E. Weick. 
Weick, a past vice-president of SAE 


representing aircraft engineering, is| 
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Increased Volume 
Cuts Cost of Silastic* 


Design engineers weigh the properties and 
service life of a material against its price per 
pound. Sometimes there is only one material 
that will serve the purpose and price becomes 
relatively unimportant. That has been true of 
Silastic, the Dow Corning Silicone Rubber. But 
this initial market for Silastic has now become 
large enough to permit more efficient produc- 
tion and the opening of new markets through 
a price reduction of 20 to 45 cents a pound. 


In the aircraft industry Silastic found a good 
initial market because it is the only resilient 
material that withstands hot oil and both high 
and low temperatures. Typical uses are: sealing 
thermal anti-icing systems; gasketing engine 
rocker boxes; and flexible heating ducts. 


Silastic tubing 
reinforced with 
glass cloth is used 
= to seal heating 
“a5 and ventilating 
ducts operating at 
350-400° F. in 
Consolidoted's 
Vultee Convair- 
Liner; in jet type 
™/ planes at tempera- 
tures of 350-450° 
F. and under pres- 
sures up to 150 
p.s.i. 


In the automotive industry gaskets are one of 
many applications for Silastic now under test. 





PHOTO COURTESY 


CONTINENTAL MOTORS CORPORATION 
Pan Silastic gaskets in the push rod 
FJ and tube assembly of Continental's 
pe) air cooled truck and bus engines 
& withstand hot oil and temperatures 
ranging from —90° to 500° F 
Only Silastic is serviceable at temperatures in 
the range of —70° to —150° F. and upward 
of 500° F. It also has exceptional resistance to 
weathering and to many chemicals, excellent 
dielectric properties and water repellency. For 
more information phone our nearest branch 
office or write for pamphlet No. F5-D-2. 


*TRADEMARK REG. U.S. PAT. OFF. 


DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 


Atlanta «+ Chicago « Cleveland «+ Dallas 
Los Angeles «+ New York 
In Canada: Fiberglas Canada, Ltd., Toronto 
In England: Albright and Wilson, Ltd., London 
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THE increasing use of stainless steel 
is presenting new machining prob- 
lems to many shops. D. A. Stuart Oil 
Co. has collected much valuable in- 
formation on this subject from long 
experience and is particularly well 
qualified to assist the industry. For 
example: a Wisconsin plant had tried 
a wide variety of oils for tapping Type 
310 stainless and was still getting 
but 50 holes per tap. With Stuart's 
ThredKut 99, used straight, they had 
secured 550 holes with one tap. In 
another plant, a Type 304 stainless 
steel union being made on a Cleve- 
land Automatic was a slow and un- 
profitable job. A change to a 6 to l 
blend of Stuart’s ThredKut 99 in- 
creased output from 18 to 31 pieces 
per hour and this is now one of the 
more profitable jobs in the shop. 

These results are not exceptions, 
nor does D. A. Stuart profess to work 
miracles. It is simply that study plus 
trial and error on thousands of stain- 
less steel machining jobs has given 
the company a worthwhile fund of 
knowledge on the subject. This ex- 
perience and information is available 
to anyone interested in getting better 
finishes, longer tool life or faster 
production on stainless. For further 
information write, or call a D. A. 
Stuart representative. 
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now director of the Personal Aircraft 
Research Center at Texas_A. & Mu 
Colfege: 

—S. K. Wood, Field Editor 


Northrop Aeronautical Institute 


At a dinner meeting on Dec. 3, 100 
enrolled students and their guests 
heard C. L. “Kelly” Johnson review 
the design and development of the P-80 
jet airplane. 

Johnson is chief research engineer 
of Lockheed Aircraft Corp. Visitors at 
the dinner included Southern Califor- 
nia Section Chairman James Sinclair; 
Charles F. Thomas of Lockheed; New- 
ton Baker, Allison Division. GMC; Fred 
Hosterman, Lockheed; and Mell Hall, 
former chairman of the NAI Student 
Branch and current program chairman 
for the Southern California Section. 





Coming Events 
Cont. from p. 60 





H. M. Avery, Office of the Chief of 
Naval Operations. 

March 17—Hotel Statler; meeting 
7:45 p.m.- Synthetic Lubricants in 
Military Aircraft—E. M. Glass and 
Bernard Rubin of Wright Field. 


Mid-Continent—March 18 


Tulsa, Okla. Time of dinner, 
speaker and subject to be announced. 


Milwaukee—March 4 


Milwaukee Athletic Club; dinner 
6:30 p.m. Speaker and subject to be 
announced. 


Mohawk-Hudson Group—March 16 


Hotel Wellington, Albany, N. Y.; din- 
ner 6:45 p.m. Meeting 8:00 p.m. Re- 
cent Automotive Observations Abroad 
—George A. Round, chief automotive 
engineer, Socony-Vacuum Oil Co., Inc. 


Pittsburgh—March 22 


Mellon Institute; dinner 6:30 p.m. 
Meeting 8:00 p.m. Electrical Equip- 
ment and Its Applications—J. H. 
Bolles, chief engineer, Delco-Remy Di- 


| vision, GMC. 





ittinors | 


St. Louis—March 8 


Garabelli’s, Adolphus Room; dinner 
6:30 p.m. Meeting 8:00 p.m. What is 
Airline Engineering (illustrated with 
slides).—Charles Froesch, chief engi- 
neer, Eastern Air Lines. Technicolor 
motion picture film: Air Power Is Peace 
Power. Cocktails 6:30 p.m. 


Southern New England—March 10 
Hotel Bond, Hartford, Conn.; dinner 
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6:45 p.m. Meeting 8:00 p.m. Instru. 
WMentation as Apphed te Developnient 
of the Wasp Major Engine—Robert £. 
Gorton, project engineer, Pratt and 
Whitney Aircraft. 


Western Michigan—March 17 


Hotel Occidental, Muskegon, Mich.: 
dinner 7:00 p.m. My Friend the En- 
gine—Stanwood W. Sparrow, vice- 
president in charge of engineering, 
Studebaker Corp., South Bend, Ind, 
and president, SAE. Cocktails 6:15 to 
6:45 p.m., sponsored through courtesy 
of Campbell, Wyant and Cannon Fay. 
Co. Quartette singing. 


Wichita—March 17 


Droll’s Grill; dinner 6:30 p.m. Radio 
Aids to Instrument Approach and 
Landing—R. C. Ayes, TWA. Film. 


Williamsport Group—March 7 and 
April 4 


March 7—The Antlers Club; dinner 
6:45 pm. The Elimination of Com- 
bustion Knock—E. M. Barbar, super- 
visor, engineering research at Beacon 
Laboratory, The Texas Co. 

April 4—The Antlers Club; dinner 
6:45 p.m. Airline Operation and 
Maintenance—John R. Griffin, Jr., 
manager of engineering, Newcastle, 
Delaware Overhaul Base, Trans World 
Airline. 


Southern California—March 17 


Rodger Young Auditorium, 936 West 
Washington Blvd., Los Angeles; dinner 
6:30 p.m. Objectives in Truck and Bus 
Development—Merrill C. Horine, Mack 
Mfg. Corp. 


Dynamic Plane Loads 


Continued from p. 70 


during a water landing and shears in 
an airplane wing during a gust. 


Finding combinations of structure 
and exciting forces that produce sig- 
nificant dynamic loads is no easy de- 
termination. At present either pseudo- 
dynamic analyses of doubtful value or 
limited experience with dynamic 
analyses must serve as basis for judg- 
ment. 


It is impractical to make rigorous 
analyses. Here is the approach recom- 
mended: 

1. Make simplifying assumptions. 

2. Neglect structural damping. 

3. Use entire airplane modes. 

4. Do not rely too much on accuracy 
of determination of higher modes. 
Generally their effects are slight; it is 
best to ignore them. 

5. Keep the number of modes 28 
small as possible. Eliminate even 
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those low modes which can be ex- 
ected to have only small effects. 


=) 


cid Body amd elastic modes. Gen- 
rally it is also satisfactory to omit 
oupling between various vibration 


oon 


oach flutter. 

7. Include pitching in the analysis 
f flight conditions. ‘ 
(Paper “Dynamic Loads on Airplane 
tructures,” was presented at SAE 
ational Aeronautic and Air Transport 
Meeting, New York, April 15, 1948. 
This paper is available in full in multi- 
lithographed form from SAE Special 
Publications Department. Price: 25¢ 
to members, 50¢ to nonmembers.) 
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New Members Qualified 


These applicants qualified for admis- 
sion to the Society between Jan. 10, 
1949 and Feb. 10, 1949. Grades of 
membership are: (M) Member; (A) 
Associate; (J) Junior; (Aff.) Affiliate; 
(SM) Service Member; (FM) Foreign 
Member. 





Baltimore Section 


Allen G. Barclay (J), Robert Morris 
Foster (J), John J. Smith (J). 


British Columbia Group 

Clement Edward Barnsdale (M), Ed- 
ward Walter Higgins (A), Albert Mur- 
ray Martin (A). 


Canadian Section 

Earl Aikin (A), James Campbell 
Brownlee (A), Brenton Wilbert Mac- 
Keen (M), Charles C. Stenhouse (A), 
Hubert Leslie Taylor (M). 


Central Illinois Section 
Charles S. Morris (J). 


Chicago Section 

Ralph L. Beyerstedt (M), Olin Brum- 
mer (M), W. C. Dyer (A), Edward John 
Gustaf (J), Eugene J. Hardig (M), 
Grant William Keller (J), Hugh G. 
Kepner (J), Alfred A. Krueger (A), 
Richard H. Long (M), Robert Roy 
Madson (J), William August Peter 
Meyer (J), Raymond Griffin O’Connell 
(J), Osmund Orland (J), Basil J. Ryder 
(M), Walter J. Samek (J). 


Cincinnati Section 
William Howard Bischoff (A). 


Cleveland Section 


s. Omit coupling forces between the 


ydes when conditions do not ap- | 








Charles O. Burgess (M), Joe Conn | 


‘(M), John B. Leece (M), Elmer H. 
Redding (A), Frederick H. Schmidt 


(M), Lewis Allen Schultz (J), Martin | 


L. Sheetz (M), Daniel E. Votypka (J), | 


rey C. Wilks (A), Richard F. Woodruff | 
(A). | 
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S.S.WHITE flexible shafts 
and S.S.WHITE brains, too/ 


For over 70 years these brains have been thinking about 
flexible shafts. They have been studying and planning 
how to make them better, smoother running, longer 
lasting. They have worked out a wide range of suc- 
cessful applications. They have, in fact, accumulated 
a vast knowledge of flexible shafts and experience as to 
what they can do and can’t do. 


The point is—these brains are ready to work for you on 
any problem dealing with the application of flexible 
shafts for power drives or remote control. They can 
save you time and trouble because, in all possibility, 
they already have the answer to your problem. They 
may help you reach a more satisfactory answer, be- 
cause the application of flexible shafts to all kinds of 
requirements and conditions is their special business. 


WRITE FOR THIS FLEXIBLE SHAFT HANDBOOK 


It contains 260 pages of facts and engineer- 
ing data about how to select and apply flex- 
ible shafts. A copy sent free if you ask for 
it on your business letterhead and mention 
your position. 


SS.WHITE i youstRIAL ou... 


THE S. S. WHITE DENTAL MFG. CO. 








—— 
-—— — eee eee 


DEPT. J, 10 EAST 40th ST., NEW YORK 16, N.Y. 
FLEXIOLE SHAFTS + FLEXIGLE SHAFT TOOLS + AIRCRAFT ACCESSORIES 
SMALL CUTTING AND GRINDING TOOLS + SPECIAL FORMULA RUBSERS 
MOLDED RESISTORS + PLASTIC SPECIAITIES + CONTRACT PLASTICS MOLDING 


One of Americas AAAA Industrial Enterprises 
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Colorado Group 
John D. Cole (M). 


Dayton Section 


Roy C. Bodem (M), Harold Bonham 
Hensley (A), Floyd F. Lachey (J). 


Detroit Section 

George W. Awtrey (A), Frederick M. 
Baker (J), Hector J. Bourdeaux (A), 
Frank A. Colosimo (M), Harry K. 
Daniel (M), John R. Dunlop (J), John 


A. Egan (J), Robert P. Ernest (J), 
Leonard J. Evans (J), Aaron Friedman 
(J), Harlan Ray Greenman (J), Phil 
E. Haglund (M), Parker E. Holt (M), 
Donald Richard Kinker (J), Chester 
A. Kus (J), Harold N. Lepisto (J), 
George Miakinin (J), Albert E. Nash 
(J), Loren J. O’Brien (M), Henry 
Richard O’Hara, Jr. (J), Jim Andrew 
Plakas (J), Robert L. Rice (J), Richard 
B. Saltonstall (M), George W. Schar- 
bach (J), Robert Serr (J), D. O. Sikes 











\ 
\ 
4 









TOLEDO STAMPING 





Prominent farm tractor manufac- 
turers are taking advantage of a 
reduction in cost of their belt pulleys 
by using TOLEDO STAMPINGS. 


(A), Bruce H. Simpson (J), Robert 
Harman Smith (J), Arthur T. yw 
Southart (M), Keith Van Kirk (A), 


Indiana Section 


Robert William Heid, Jr. (J), Charles 
Mark Middlesworth (SM). 


Metropolitan Section 

Richard L. Akers (J), Robert O. Bab- 
cock (M), Vernon R. Bjorkman (A), 
David S. Brown (M), Anthony Frank 
Chaikowski (J), Robert M. Clough 
(M), Russell T. De Muth (J), Lindsay 
Dunham, Jr. (J), Thomas Dunlop, Jr. 
(M), Jules Louis Dussourd (J), J. M 
Harris (A), J. Darrell Harvey (A), 
Robert E. Johnson (M), Austin Kuhns 
(M), Walter H. Langseder (A), Sidney 
S. Linn (J), John Marrotte (J), John 
M. McGinnis (A), Leo Pavelle (A), 
Dominic Recchione (J), Hugh S. Wag- 
ner (A), George W. Wunner (M). 


Mid-Continent Section 


Cameron L. Kerran (J), DeWayne 
Wilbur Lake (J). 


Milwaukee Section 

Stanley J. Backey (M), John M. 
Gerty (J), Floyd R. Kishline (J), 
Nicholas F. Ledanski (M), John J. 
Treutelaar (M). 


Mohawk-Hudson Group 
Edward W. Light, Sr. (M). 


New England Section 
Frederick L. Cole (A), Robert Ed- 
ward Scherr (J). 


Northern California Section 

John D. Ainsworth (A), Henry M. 
Fujii (A), Corwin Duncan McLean (J), 
Raymond J. Miniet (J), Harry C. Sage 
(A), Alford R. Smith (A). 


Philadelphia Section 

Harry M. McCully, Jr. (J), Vytautas 
S. Mosinskis (M), William C. Schuster 
(A), Gordon T. Seng (J), John §&. 
Snell (A). 


























A typical saving per pulley is illustrated 
above. 

ALL MACHINING is eliminated. 

Perfect balance is achieved without adding 
or removing weight as is necessary 

with cast iron pulleys. 


Pittsburgh Section 
U. G. Held (A). 


St. Louis Section 

Lawrence Bierman (J), Leonard A. 
Cromer, Jr. (J), Hulett Scott Ingersoll 
(J), Barclay F. Smith (M). 


Salt Lake Group 
William D. Osborne (A). 












Tests prove belt slippage is decreased 
when Toledo belt pulleys are used. 

Let a TOLEDO STAMPING engineer show 
you the advantages of stampings in 

your products, © 


Southern California Section 

Aubrey E. Austin, Jr. (A), W. EIl- 
wood Jae (A), A. W. Koehler (A), 
Richard Charles Nelson (J), Don 





q ARMS Vernor Rowton (J), Robert Stanford 
we a Schuyler (A), Robert Marquis Seeley 
& +. (A), Robert Ware Sumner (A), Philip 
° Daniel Umholtz (J). 
cd -) 
= Southern New England Section 
Toledo Stamped <" Frederick J. Garbarino (M), Alfred 








513° B. Yard, Jr. (J). 


TOLEDO STAMPING & MANUFACTURING CO. "=<" 


Manufacturing plants at: TOLEDO, OHIO and DUBUQUE, IOWA Murphy (J), William Joseph Skelley 
Gen. Off.: 99 Fearing Blvd, TOLEDO, OHIO @ Dist. Sales Off.: 333 N Michigan Ave., CHICAGO, ILL. (J). 


Syracuse Section 
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Section 

derick Behrens Capalbo (J), Ray- 
mond M. Dost (J), James Alfred Le- 
, (J), Theodore George Scheid (J). 


Vel 


Twin City Section 
arles A. Amann (J), Ralph John 
ington (M), Peter Axel Rasmussen 


Virginia Section 
Hugh K. Green (A), Cliaborne F. 
Powell (A). 


Washington Section 

Lt.-Col. John Howard Cunningham 
(SM), Alvin Fluger (J), Edwin S. 
Leichtman (SM). 


Western Michigan Section 
Harold William Rockwell (J). 


Wichita Section 
Robert C. Kreite (J). 


Outside of Section Territory 

William Ross Border, Jr. (A), Ed- 
ward L. Broghamer (M), James 
Grimley Duffy, Jr. (J), Ian Alexander 
Gray (J), A. J. Maurice Oustalet, Jr. 
(J). 


Foreign 

Raimondo Gatti (FM), Italy; Shiba 
Pada Hore (J), India; Jean Lemarie 
(A), France; Frederick Keith Mc- 
Master (FM), Australia. 


Applications Received 
The applications for membership re- 


ceived between Jan. 10, 1949, and Feb. 
10, 1949 are listed below. 





British Columbia Group 

Keith Forbes, Claude F. Waine- 
wright. 
Buffalo Section 

Irving B. Osofsky. 


Canadian Section 
Jerry Foster Beaumont, Gerald B. 


Fels, Kenneth Charles Smith, Keith 
Henry John Wallis. 


Central |Hinois Section 
Harlan Banister. 


Chicago Section 

Robert E. Bourke, Joseph J. Brett, 
Ralph Frank Chudzinski, Paul G. 
Fricke, Addison C. Hoof, Roland F. 
Horton, Irving R. Ruby. 


Cleveland Section 

Le > Russell Erman, F. L. Hall, Robert 
S. James, Samuel G. Laughlin, Robert 
Serling Lee, Paul E. Lewis, David T. 
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Muckley, Frank B. Parsson, Edward 
Charles Powell, Robert Kirk Reiden- 
bach. 


Colorado Group 
Jack Flavin, John H. Shank. 


Dayton Section 

Gale G. Dearth, Charles Edwin 
Robertson, Jr., William J. Short, Wil- 
liam R. Smith, Stuart J. Sietsma. 


Detroit Section 

Frank Baird-Smith, John B. Beltz, 
Bruce Campbell, Charles C. Bupp, John 
Dolza, Elmer J. Engelman, Matthew E. 
Fiscus, Gilbert K. Hause, Francis Wil- 
liam Holland, Fred W. Hottenroth, 
Lloyd E. Johnson, W. G. Kinmont, 
Chris T. Kopenitsi, H. Douglas Lange, 
Wendell Gage Loveless, Charles Donal 
Moore, Clarence E. Morphew, Cornelius 
F. O’Shea, Willard R. Phillips, Elwood 


B CAN YOUR PRODUCT 
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“Stand the Pace” 


IN MODERN INDUSTRY? 


ACCELERATIONS ! 
VIBRATIONS ! 
PRESSURES ! 
STRESSES ! 


STRAINS! 


A combination linear, integrating, and 
3-ke-carrier multichannel recording system 


ACCURATE MEASURING AND RECORDING 


of both static and dynamic quantities such as stress, 
strain, pressure, acceleration, and vibration over a 
frequency range of zero to 2000 cycles by depend- 
able Consolidated instruments assures many pro- 
gressive companies that their products are designed 
for maximum durability, life, and safety, as well as 
economy of size, weight, and cost. 

You too can be positive by employing Consoli- 
dated Measuring and Recording Systems in your. 
plant. For further information on these instru- 
ments, write for Bulletin CEC-1300-X5 


CONSOLIDATED ENGINEERING 
CORPORATION 


Analytical Instruments for Science and Industry 


PASADENA 4, CALIFORNIA 
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K. Pickard, William D. Pittsley, Cle- 
ment W. Prestler, Edward Harold Protz, 
William George Roven, Charles M. 
Rubley,. George J. Scranton, Ralph N. 
S. Scheidt, Harlan M. Splawn, Carl H. 
Turnquist, Thomas A. Wilkinson, H. O. 
Woods, Andrew F. Zupanc. 


Hawaii Section 
Joseph Chun Lee, Leonard O. Lister. 


Indiana Section 
Fred E. Boze, A. A. Catlin, Richard 


W. Dickey, Milton L. Munson, Lt-Com. 
Herbert James Ward. 


Metropolitan Section 


Alfred Del Vecchio, Kachas Derdiar- 
ian, Hugh S. Kelly, George Albert Kern, 
Paul D. Mayr, Russell C. Mazer, Donald 
S. McArthur, Peter J. Schuessler, John 
Scribano, Nathan Winarsky. 


Mid-Continent Section 
Robert O. Gose. 


Enqineered by Borg & Beck 
means...MAXIMUM PERFORMANCE 


MINIMUM MAINTENANCE! 


oa can depend ou— 








BORG & BECK 


FOR THAT VITAL SPOT WHERE POWER TAKES HOLD OF THE LOAD! 


BORG & BECK DIVISION 


VAS 
Ve) 
(z 


\ 


S 
, 


ASS BORG-WARNER CORPORATION 


CHICAGO 38, ILLINOIS 





Milwaukee Section 
Charles Nash Miller. 


Mohawk-Hudson Group 


H. Clifford Brosey, Dwight C. Han. 
nay, John H. Rogers, Eugene J. Walton, 
Jr. 


New England Section 


Charles Hurwitz, J. Conrad Johnson, 
W. Frank Morrissey. 


Northern California Section 

Alfred G. Anderson, Robert A. Coit, 
William Edward McComas, James EI- 
wood Weesner. 


Northwest Section 





Richard M. Beauchamp, J. B. Dahl, 
Kenneth G. Fosnes, Jr., William D. 
Trenko. 


Oregon Section 
Newell T. Palmer, J. Gerrold Strauss. 


Philadelphia Section 

William Lucas Betts, Clarke Leigh 
Bicking, George Burnham Calkins, 
Daniel L. Pastell, William N. Richards, 
Paul J. Seng, Preston Lea Watson. 


Pittsburgh Section 


William W. Beck, J. Dick Blackburn, 
Joseph N. Kellerman. 


Salt Lake City Group 
Pete J. Visser. 


San Diego Section 


Raymond W. Anderson, Oliver B. 
Lyons. 


Southern California Section 

C. E. Deardorff, Norman A. Faber, 
Basil Dee Garrett, Robert Bruce Kelly, 
Thomas J. Myers, Richard C. Poucher, 
H. J. Schlarb, Win Ward, Charles F 
Wingate. 


Texas Section 
John J. Kropp. 


Virginia Section 
Archie L. Grinels, John A. Mahriey, 
Emerson L. Thomas. 


Washington Section 
William Henry Irick. 


Western Michigan Section 


John M. O’Brien, Frank P. Schmitt, 
Guy L. Stevens. 


Williamsport Group 
Chester L. McGarr. 


Outside of Section Territory 

Paul W. Husby, Harry A. Johnson, 
Carleton F. Maylott, George T. Powell, 
Jr. P. J. T. Rawlins, John Robert 
Taylor. 


Foreign 

Paul Wilhelm Aberg, Sweden; Sergio 
Goldenberg, Chile; Nils Henry Borje 
Kristenson, Sweden; George James 
Bennett Mayo, England; Ramakrishna 
Ponneri, England; Karl Stief, Ger- 
many; S. Vijayaraghavan, India. 
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rley, i 
: Once Hyatt Roller Bearings are applied to positions in cars, trucks OF buses, 
you won't have to worry about them because they will give year® of care-free 
performance: 
mitt, 
Ever since 1892, when Hyatt made the , bearing, W° have helped 
automotive manufacturer® prolong the bi 
= There are H 
ywell, 
obert | We are alway® ready ection of bearines for your new 
designs: Hyatt Bearing Motors Corporation, Harrison | 
ergio New Jersey: 
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Change of Address 


So that your SAE mail will reach 
you with the least possible delay please 
keep SAE Headquarters and the Sec- 
retary of your local Section or Group 
advised of any changes in your address. 
Such notices should be sent to: 


1. Society of Automotive Engineers, 
Inc., 29 West 39th St., New York 
18, N. Y. 


2. The Secretary or Assistant Secre- 


tary of your Section or Group at the 
addresses listed below: 


Baltimore 

R. D. Taber, Koppers Co., Piston 
Ring Div., Bush & Hamburg Sts., Bal- 
timore 3, Md. 


Buffalo 
Robert D. Best, Fredric Flader, Inc., 
583 Division St., N. Tonawanda, N. Y. 


Canadian 
C. E. Phillips, Perfect Circle Co., Ltd., 





Standard on 





PALNUT cific 


HERE'S 


@ Absolute security 


@ Fast assembly with power 
drivers 


Wherever you require vibration-proof 
fastenings—on engine, chassis or body— 
use PALNUT Self-Locking Nuts and 
cut your assembly costs at the same 
time. For heavier assemblies, apply 
PALNUTS on top of regular nuts; for 
lighter assemblies, use PALNUTS alone. 
Low in cost—easily, speedily assembled 
with hand or power drivers—may be 


CORRECTING RODS _ 


SELF - 






NUTS 


@ Perfect bearing adjustment 
@ Longer bearing life 

@ Reduced maintenance 
removed and re-used. Send details of 


your application for recommendation 
and free samples. Literature on request. 


The Palnut Company 


70 Cordier St., Irvington 11, N. J. 
5-213 General Motors Bidg. Detroit 2, Mich. 





glove compartments, etc. 





Millions of all types of PALNUTS used eS) Gy 


monthly on connecting rods, brake parts, 
engine mountings, body hold down, etc.; also 


on moulding strips, medallions, lights, dash, Nes) @) 





e/ 
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175 Wicksteed Ave., Leaside, Ont., Can. 


Central Iinois 
K. J. Fleck, Caterpillar Tractor Co., 
Peoria, Il. 


Chicago 

T. A. Scherger, Studebaker Corp, 
Main & Bronson Sts., South Bend 27. 
Ind. 


Cincinnati 

W. A. Kimsey, R. K. LeBlond Ma- 
chine Tool Co., Madison Ave. & Ed- 
ward Rd., Cincinnati 8, Ohio 


Cleveland 
(Miss) C. M. Hill, 7016 Euclid Ave., 
Cleveland 3, Ohio 


Dayton 
R. S. Goebel, Production Control 
Units, 901 Shroyer Rd., Dayton 9, Ohio 


Detroit 

(Mrs.) S. J. Duvall, Detroit Office, 
SAE, 100 Farnsworth Ave., Detroit 2. 
Mich. 


Hawaii 
E. G. McKibben, Pineapple Res. Inst.. 
P.O. Box 3166, Honolulu 2, T. H. 


Indiana 
R. P. Atkinson, Allison Div., General 
Motors Corp., Indianapolis, Ind. 


Kansas City 

F. V. Olney, Gas Service Co., Kansas 
City Mo. Div., 842 Grand Ave., Kansas 
City 6, Mo. 


Metropolitan 

(Miss) J. A. McCormick, Society of 
Automotive Engineers, 29 West 39th 
St., New York 18, N. Y. 


Mid-Continent 


W. K. Randall, Carter Oil Co., P.O. 
Box 801, Tulsa, Okla. 


Milwaukee 
H. M. Wiles, Waukesha Motor Co.. 
Waukesha, Wis. 


New England 
W. F. Hagenloch, Lenk, Inc., 1305 
Boylston St., Boston 15, Mass. 


Northern California 

H. M. Hirvo, Enterprise Eng. & Fay. 
Co., 600 Florida St., San Francisco 10, 
Calif. 
Northwest 

C. F. Naylor, Ethyl Corp., 1411 Fourth 
Ave., Seattle, Wash. 


Oregon 
Ray Mobley, Wentworth & Irwin. 
Inc., 1005 W. Burnside, Portland 9, Ore. 


Philadelphia 
Laurence Cooper, Autocar Co., Lan- 
caster Ave., Ardmore, Pa. 


Pittsburgh 

J. E. Taylor, Gulf Research & De- 
velopment Co., P. O. Drawer 205 
Pittsburgh 8, Pa. 
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St uis 
pn. T. Adolphson, Sunnen Products 
Co.. 7910 Manchester, St. Louis 17, Mo. 


San Viego 
<7 Y,. Stone, 1561 Catalina Blvd., San 
Diego, Calif. 


Southern California 

Cc. L. Fernau, Standard Oil Co. of 
Calif., 605 W. Olympic Blvd., Los An* 
geles 36, Calif. 


Southern New England 

Cc. O. Broders, Pratt & Whitney Air- 
craft Div., United Aircraft Corp., 400 
Main St., E. Hartford, Conn. 


Spokane-Intermountain 
J. F. Conner, Auto Interurban Co.., 
W. 508 Cataldo, Spokane, Wash. 


Syracuse 
Ww. F. Burrows, Aircooled Motors, 
Inc., Liverpool Rd., Syracuse 8, N. Y. 


Texas 
E. C. Steiner, OEM Industries, 301 
N. Justin St., Dallas, Texas 


Twin City 

R. J. Strouse, Mack-Int’l Motor 
Truck Corp., 2505 University Ave., St. 
Paul 4, Minn. 


Virginia 
S. L. Baird, Fairfield Transit Co., 
R.F.D. 1, Sandston, Va. 


Washington 

H. A. Roberts, G. M. Roberts Brothers 
Co., 17th & U Sts., N. W., Washington 
9, D.C. 


Western Michigan 
L. W. Kibbey, Sealed Power Corp., 
500 Sanford, Muskegon Heights, Mich. 


Wichita 
M. L. Carter, Southwest Grease & Oil 


Co., Inc., 220 W. Waterman, Wichita 
2, Kansas 


GROUPS 


British Columbia 

Burdette Trout, Truck Parts & 
Equip., Ltd., 1095 Homer St., Van- 
couver, B. C., Can. 


Colorado 


S. G. Scott, Fenner Tubbs Co. 1009 E. 
Fifth Ave., Denver, Colo. 


Mohawk-Hudson 





Lester Anthony, Albany Transit Co.. | 


Inc., 135 Ontario St., Albany 5, N. Y. 


Salt Lake 
H. C. Slack, Fruehauf Trailer Co., 


1082 S. Second W., Salt Lake City, Utah 


Williamsport 
W. Hospers, Lycoming Div. Avco 


= - Corp., 1515 Park, Williamsport, 
a 
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pressure live steam...resist corrosive forces... 
conventional lubrication. 


Morganite Carbon Seals 


—self- -lubricating qualities resist tempera- 
ture extremes ... nullify the factor of in- 
-..are immune to corrosion... 


MORGANITE 


SELF-LUBRICATING, HIGH PRESSURE 


SEALS, RINGS and WASHERS 


The successful application of self-lubricating 
seals in high pressure lines is another example of 
the basic advantage of Morganite Dry Lubrication 
— an inherent lubrication that equals the life 

of the seal without renewal. Full retention of 
steam, from cold start to full-load high 
temperatures, is assured. Surface scoring, 

which opens the way for rapid surface erosion 

by live steam, is eliminated. 


BY 


Bes 
LONG ISLAND CITY 1, 


fibdadetakieae Provide a seal for turbines that will hold high 
function without 





For detailed infor- 
mation consult the 
Morganite Catalog in 
Sweets File for Prod- 
uct Designers; for 
engineering counsel 
or specific proposals, 
call in a Morganite 
sales engineer. Either 
way, there is no ob- 
ligation. 





a INCORPORATED 


NEW YORK 





Manufacturers of Morganite Carbon Brushes for all motor 
and generator applications, and Morganite Carbon Piles. 
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Torrington Needle Bearings Help Make 
Allis-Chalmers HD-5 Diesel Tractors 


Easier to Operate and Maintain 





The HD-5 Diesel Tractor is a smaller machine built by Allis- Steering effort is reduced, for example, by the smooth operation 
Chalmers Manufacturing Company with big tractor stamina and of efficient Needle Bearings in the steering clutch controls. Two 
performance. Among features assuring easy operation and main- Needle Bearings are used on each operating lever, and two on each 
tenance are 15 Torrington Needle Bearings. intermediate lever shaft. 





Unusually compact design of the engine clutch control is secured Easy installation by a simple arbor press operation is a Needle 
with seven Needle Bearings, three of which are shown in the cross- Bearing feature that helps keep assembly costs low. The design of 
section above. Grease-packed at assembly, Needle Bearings need these compact units also simplifies fabrication and assembly of re- 
little further attention. lated parts. 














You too, can secure smooth operation and low maintenance costs, with 
economies in production, by using Torrington Needle Bearings. Let our 
engineers help you to adapt them to your product requirements. Call or 
write us today. THE TorRINGTON CoMPaAny, Torrington, Conn., or South 
Bend 21, Ind. District offices and distributors in principal cities. 




















TORRINGTON ////7// BEARINGS 


Needle + Spherical Roller - Tapered Roller Straight Roller + Ball + Needle Rolicrs 
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